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X. 
GENERAL INTRODUCTION 
The effects of pesticides added to soil are both complex 
and wide ranging and for agricultural success soil fertility 
must be maintained, and any pesticide used should not 
interfere with any of the essential elemental cycling 
processes carried out by soil enzymes or microorganisms. 
Additional research is needed to better understand the 
complex and wide ranging effects of pesticides on 
transformations of urea nitrogen in soil. 
The first section is entitled "Effects of herbicides on 
transformations of urea nitrogen in soil" and assesses the 
influence of 28 herbicides on urea hydrolysis and 
nitrification of urea nitrogen in soil. The herbicides used 
in this section were evaluated for their effects on 
transformations of urea nitrogen when applied at different 
rates to a range of soil types. This section contains 
Introduction, Materials and Methods, Results and Discussion, 
Summary and has tables included in the text. This manuscript 
will be submitted to Communications in Soil Science and Plant 
Analysis for publication. 
The second section is entitled "Effects of grass 
herbicides on transformations of urea nitrogen in soil" and 
evaluates the effects of different amounts of nine 
preemergence and nine postemergence grass herbicides on 
hydrolysis and nitrification of urea nitrogen in a range of 
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soil types. This section has the same subsection format as 
Section 1 and has tables included in the text. This 
manuscript will be submitted to Soil Science Society of 
America Journal for publication. 
The third section is entitled "Effects of fungicides on 
transformations of urea nitrogen in soil" and investigates 
the influence of different amounts of 17 widely used 
fungicides on hydrolysis and nitrification of urea nitrogen 
in a range of soil types. This section has the same 
subsection format as Section 1 and has tables included in the 
text. This manuscript will be submitted to Biology and 
Fertility of Soils for publication. 
The fourth section is entitled "Effects of insecticides 
on transformations of urea nitrogen in soil" and assesses the 
influence of different amounts of 15 soil insecticides on 
hydrolysis and nitrification of urea nitrogen when applied at 
different rates to range of soil types. This section has the 
same subsection format as Section 1 and has tables included 
in text. The manuscript will be submitted to Soil Biology 
and Biochemistry for publication. 
An overall discussion of results follows these sections 
in "General Discussion" and an overall summary of results 
follows in "General Summary". 
X. 
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INTRODUCTION 
The use of urea as a nitrogen fertilizer has increased 
dramatically during the past thirty years, and urea is now 
the most important nitrogen fertilizer in world agriculture. 
This can be attributed to the advantages of urea over other 
nitrogen fertilizers. These advantages include high nitrogen 
content, ease of handling (no fire or explosion hazard), and 
low cost of manufacture, transportation and distribution. An 
additional advantage is that urea-based fertilizers are 
suitable for production of compound fertilizers, which makes 
urea granules and solutions economical and practical carriers 
for pesticide and micronutrient application. 
Although urea has important advantages as a nitrogen 
fertilizer, there are problems associated with its use. 
These problems result largely from the rapid hydrolysis of 
urea fertilizer to ammonia and carbon dioxide through soil 
urease activity (NHgCONHg + H2O -> 2NH3 + CO2) and the 
concomitant rise in pH and accumulation of ammonium. They 
include damage to germinating seedlings and young plants, 
nitrite and(or) ammonia toxicity, and gaseous loss of urea N 
as ammonia (Gasser, 1964; Tomlinson, 1970). Gaseous loss of 
urea fertilizer N as ammonia is of particular concern because 
it can exceed 50% of the fertilizer N applied (Catchpoole, 
1975; Terman, 1979). Urease (urea amidohydrolase, EC 
3.5.1.5) is widely distributed in plants and microorganisms, 
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and soil urease is generally assumed to be essentially a 
microbial extracellular enzyme accumulated through release of 
urease from living and disintergrated microbial cell 
(Skujins, 1967, 1976), although the contribution from plant 
materials can not be ignored (Kuprevich and Shcherbakova, 
1971). 
One approach to reducing the problems associated with 
the use of urea as a fertilizer is to find compounds that 
will inhibit soil urease activity and thereby retard urea 
hydrolysis when applied to soil in conjunction with urea 
fertilizers. This approach has received considerable 
attention over the past 20 years, and numerous compounds have 
been patented or proposed as soil urease inhibitors (Bremner 
and Douglas, 1971; Bremner and Mulvaney, 1978; Mulvaney and 
Bremner, 1981; Hauck, 1984; Martens and Bremner, 1984), but 
only a few compounds (notably certain phosphoroamides, 
substituted ureas, quinones and polyhydric phenols) have 
shown promise for retarding urea hydrolysis in soil. 
The international need for food and fiber cannot be met 
without increased use of pesticides as well as nitrogen 
fertilizers because pesticides are vitally important to 
increasing and protecting the quantity and quality of food 
commodities. For example about 35% of the world's potential 
harvest in 1967 was destroyed by insect pests, fungal 
diseases and weeds, equivalent to a financial loss of 
approximately 75 billion dollars (Biichel, 1983). Today 
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approximately 33% of the world's potential harvest is lost to 
pests and without chemical crop protection this loss would be 
much higher. In 1979, farmers and commercial applicators 
applied 63 million kg of different pesticides to an estimated 
41 million hectares of Iowa farmland, and in the world 
market, pesticide usage has been increasing yearly at a rate 
of 7 to 8% with approximately 11 billion dollars being spent 
on pesticides in 1984, herbicides, insecticides and 
fungicides accounting for 93% of these sales (Schwinn, 1982). 
The importance of pesticides in crop protection is well 
established, but the increasing use of pesticides in modern 
agriculture has created international concern about the 
potential adverse effect of pesticides on nontarget organisms 
affecting soil microbial processes, especially those 
responsible for nitrification and other nitrogen 
transformations in soil. 
Nitrification of ammonium produced after hydrolysis of 
urea is a two-step oxidation of the ammonium ion to nitrite 
and conversion of nitrite to nitrate mediated by autotrophic 
bacteria in the genera Nitrosomonas and Nitrobacter. These 
nitrifing organisms have shown a extreme sensitivity to some 
agricultural pesticides, and this toxic effect of a 
particular chemical varies greatly with the amount applied, 
soil properties and environmental factors (Martin, 1963). 
The published work on the effects of pesticides on 
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transformations of ammonium in soil is both complicated and 
confusing due to the above mentioned factors and very little 
has been published on the effects of pesticides on transfor­
mations of urea nitrogen in soil. 
The effects of pesticides on hydrolysis and 
nitrification of urea nitrogen could influence the losses of 
urea nitrogen and the nitrogen nutrition of the crop species 
under cultivation. Many pesticides have been reported to 
inhibit nitrification of ammonium in soil (Goring and 
Laskowski, 1982). Inhibition of nitrification has 
significant agronomic impacts because it increases the amount 
of NH^"*" available to plants, which may or may not be 
beneficial, and it reduces losses of nitrogen from soil via 
leaching and denitrification. If the applied pesticides 
markedly retard urea hydrolysis, their use can increase 
leaching of urea and can increase gaseous loss of urea 
nitrogen as ammonia when the applied pesticide retards 
conversion of ammonium to nitrate (Bundy and Bremner, 1974). 
It is well established that nitrification is one of the most 
pesticide-sensitive microbiological processes in soil (Parr, 
1974), but very little information is available concerning 
the effects of pesticides on urea hydrolysis and 
nitrification of urea nitrogen in soil. 
The purpose of the work reported in this dissertation 
was to determine the influence of different amounts of 
herbicides, fungicides and insecticides on urea hydrolysis 
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and nitrification of urea nitrogen in a range of soil types, 
and to determine the influence of soil properties on the 
effects of pesticides on transformations of urea nitrogen. 
The pesticides studied include those considered to be 
important for pest control in Iowa and Midwest agriculture. 
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PART I. EFFECTS OF HERBICIDES ON TRANSFORMATIONS OF UREA 
NITROGEN IN SOIL 
9 
INTRODUCTION 
Herbicides are now used extensively for crop protection. 
For example, in 1979, farmers and commercial applicators 
applied 51 million kg of different herbicides to 20 million 
hectares of Iowa farmland, and in 1984, herbicide sales in 
world agriculture were estimated to have increased 23% 
compared to herbicides sales in 1978 (Schwinn, 1982). World 
use of urea as a nitrogen fertilizer has increased 
dramatically in recent years, and urea is now the most 
important fertilizer in world agriculture. The trend towards 
reduced tillage in modern agriculture has increased interest 
in applying herbicides in urea-based fertilizer solutions 
(Christensen and Magleby, 1983). The increasing use of 
herbicides in conjunction with urea fertilizers has created 
concern about the potential adverse effects of herbicides on 
nontarget organisms, and it has emphasized the need for 
information concerning the effects of herbicides on 
transformations of urea nitrogen in soil. 
Numerous studies of the influence of pesticides on 
nitrification of ammonium in soil have been reported (Goring 
and Laskowski, 1982), but little is known about the effects 
of herbicides on transformations of urea nitrogen in soil. 
Cervelli et al. (1975) found that the substituted urea 
herbicides, monuron, diuron and linuron inhibited purified 
jack bean urease, but Tafuri et al. (1979) found that other 
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herbicides, including paraquat, atrazine, proitietryn, 
bromoxynil, propanil and dicamba, had no effect on the 
activity of this enzyme. Urea hydrolysis in soil has been 
reported to be retarded by linuron, diuron and monuron 
(Cervelli et al., 1976, 1977) and by amitrole (Gauthier et 
al., 1976), but dalapon, paraquat (Namdeo and Dube, 1973), 
2,4-D and glyphosate (Lethbridge et al., 1981) have been 
reported to have no effect on urea hydrolysis in soil . 
Nitrification is one of the most pesticide-sensitive 
microbiological processes (Parr, 1974), and many herbicides 
have been reported to retard nitrification of ammonium in 
soil (Goring and Laskowski, 1982). The triazine herbicides 
simazine and atrazine have been found to inhibit the 
oxidation of ammonium to nitrate in soil when applied at 
rates exceeding 200 pg g"^ soil (Gaur and Misra, 1977; Bartha 
et al., 1967), but they have been found to have no effect on 
nitrification of ammonium in soil when applied at normal 
application rates (Bartha et al., 1967; Thorneburg and 
Tweedy, 1973; Domsch and Paul, 1974; Joshi et al., 1976). 
Other herbicides found to retard nitrification of ammonium in 
soil when applied at higher than normal rates include EPTC 
(eptam), monuron, vernolate (Bartha et al., 1967), bromoxynil 
(Debona and Audus, 1970; Ratnayake and Audus, 1978), 2,4-D 
(Teater et al., 1958), paraquat, glyphosate, picloram (Debona 
and Audus, 1970), diuron, linuron (Bartha et al., 1967; Corke 
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and Thompson, 1970; Domsch and Paul, 1974), prometryn, 
chlorpropham, dinoseb (Domsch and Paul, 1974), bentazon 
(Marsh et al., 1978), bifenox (Turner, 1979), amitrole (Van 
Schreven et al., 1970; Domsch and Paul, 1974) and propanil 
(Corke and Thompson, 1970; Debona and Audus, 1970). 
Herbicides which have been reported to have no effect on 
nitrification of ammonium in soil when applied at higher than 
normal rates include 2,4-D (Domsch and Paul, 1974), monuron 
(Hale et al., 1957), paraquat (Thorneburg and Tweedy, 1973; 
Domsch and Paul, 1974), picloram (Van Schreven et al., 1970; 
Thorneburg and Tweedy, 1973), dalapon, dicamba (Ratnayake and 
Audus, 1978), alachlor (Thorneburg and Tweedy, 1973), 
pendimethalin (Atlas et al., 1978) and trifluralin 
(Thorneburg and Tweedy, 1973; Davies and Marsh, 1977; 
Ratnayake and Audus, 1978) . 
Most studies of the effects of herbicides on 
nitrification of ammonium in soil have been limited to work 
with only one or two herbicides and one or two soils, and 
they have differed so markedly in experimental conditions 
(rate of herbicide application, soil type, soil temperature, 
method of addition of herbicide, etc.) that it is impossible 
to compare their results. 
My purpose in the work reported here was to determine 
the effects of 28 extensively used herbicides on urea 
hydrolysis and nitrification of urea nitrogen in a range of 
soils. The herbicides studied were atrazine, bromoxynil, 
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2,4-D amine, 2,4-D ester, dicamba, EPTC, linuron, prometryn, 
simazine, alachlor, bentazon, bifenox, chloramben, 
chlorpropham, dinitramine, pendimethalin, trifluralin, 
vernolate, amitrole, dalapon, dinoseb, diuron, glyphosate, 
monuron, paraquat, picloram, propanil and propham. These 
herbicides are commonly used for control of a variety of 
weedy plant species in a wide range of crops. 
V. 
13 
MATERIALS AND METHODS 
The four soils used (Table 1) were surface (0-15 cm) 
samples of soils selected to obtain a range in pH (6.0-8.1), 
texture (14-80% sand, 8-42% clay) and organic-matter content 
(0.4-4.2% organic C). Before use, each sample was sieved in 
the field-moist condition to pass through a 2 mm screen. In 
the analyses reported in Table 1, pH, CaCOg equivalent, 
organic C, urease activity and texture were determined as 
described by Zantua and Bremner (1975). Total nitrogen was 
determined by a semi-microKjeldahl procedure (Bremner, 1965a) 
and cation-exchange capacity was determined as described by 
Keeney and Bremner (1969). The organic C, CaCOg equivalent 
and cation-exchange capacity analyses were performed on <0.14 
mm soil. The other analyses reported were performed on <2 mm 
soil. 
To simplify the presentation of results, the 28 
herbicides studied have been classified as corn, soybean or 
noncrop herbicides. The names, formulations and sources of 
the nine corn herbicides, the nine soybean herbicides and the 
ten noncrop herbicides studied are reported in Tables 2, 3 
and 4, respectively. Other chemicals used were obtained from 
Fisher Scientific Co., Itasca, Illinois. 
The procedure used to determine the effects of the 28 
herbicides on hydrolysis of urea in soil was as follows. 
Samples of field-moist soil containing 5 g of oven-dry 
V. 
Table 1. Analyses of soils 
Soil Organic Total Urease 
Series Subgroup pH C N Sand Silt Clay CCE^ CEC^ activity® 
Buckney Entic Hapludoll 8.1 0. 4 0.05 
— % -
80 12 8 30 4 27 
Dickinson Typic Hapludoll 6.0 1. 2 0.13 74 18 8 0 9 12 
Webster Typic Haplaquoll 7.3 3. 3 0.23 33 34 33 1 20 34 
Harps Typic Calciaquoll 7.7 4. 2 0.47 14 44 42 23 29 51 
®CaC03 equivalent. 
^Cation-exchange capacity [cMole(NH^'*') kg"^ soil]. 
^Determined by the nonbuffer method of Zantua and Bremner (1975). Expressed 
as nq urea hydrolyzed h"^ g~^ soil (37°C). 
Table 2. Corn herbicides studied 
Common name Chemical name Formulation^ Source^ 
Atrazine 6-Chloro-N-ethyl-N'-(1-methylethy1)-
1,3,5-triazine-2,4-diamine 
WP(80) G 
Bromoxynil 3,5-Dibromo-4-hydroxybenzonitrile EC(240) R 
2,4-D amine (2,4-Dichlorophenoxy)acetic acid ethanol-
amine salt 
L(480) D 
2,4-D ester (2,4-Dichlorophenoxy)acetic acid propylene 
glycol butyl ether ester 
EC(480) D 
Dicamba 3,6-Dichloro-2-methoxybenzoic acid L(480) V 
EPTC S-Ethyl dipropylcarbamothioate EC(720) S 
Linuron N'-(3,4-Dichlorophenyl)-N-methoxy-N-
methylurea 
WP(50) P 
Prometryn N,N'-Bis(1-methylethyl)-6-(methylthio)-
1,3,5-triaz ine-2,4-diamine 
WP(80) G 
Simazine 6-Chloro-N,N'-diethyl-1,3,5-triazine 
2,4-diamine 
WP(80) G 
BWP, wettable powder; EC, emulsifiable concentrate; L, liquid. Values 
in parentheses after WP indicate percentage (w/w) of active ingredient in 
formulation. Values in parentheses after EC and L indicate grams of active 
ingredient per liter of formulation. 
Ciba Geigy Corp., Greensboro, NC; R, Rhone-Poulenc, Inc., 
Monmouth, NJ; D, Dow Chemical USA, Midland, MI; V, Veliscol Chemical Corp., 
Chicago, IL; S, Stauffer Chemical Co., Westport, CT; P, E. I. duPont de 
Nemours & Co., Inc., Wilmington, DE. 
Table 3. Soybean herbicides studied 
Common name Chemical name Formulation^ Source^ 
Alachlor 2-Chloro-N-(2,6-diethylphenyl)-N-
(methoxymethyl)acetamide 
EC(480) M 
Bentazon 3-(1-Methylethyl)-(IH)-2,1,3-benzothia-
diazin-4(3H)-one 2,2-dioxide 
EC(480) B 
Bifenox Methyl 5-(2,4-dichlorophenoxy)-2-nitro-
benzoate 
L(480) 0 
Chloramben 3-Amino-2,5-dichlorobenzoic acid EC(240) A 
Chlorpropham 1-Methylethyl 3-chlorophenylcarbamate EC(480) P 
Dinitramine N^-N^-Diethyl-Z,4-dinitro-6-(trifluoro-
methyl)-1,3-benzenediamine 
EC(240) U 
Pendimethalin N-(1-Ethylpropyl)-3,4-dimethyl-2,6-di-
nitrobenzenamine 
EC(480) C 
Trifluralin 2,6-Dinitro-N,N-dipropy1-4-(trifluoro-
methyl)benzenamine 
EC(480) E 
Vernolate S-Propyl dipropylcarbamothioate EC(720) S 
®EC, emulsifiable concentrate; L, liquid. Values in parentheses after 
EC and L indicate grams of active ingredient per liter of formulation. 
Monsanto Agricultural Products Co., St. Louis, MO; B, BASF Wyandotte 
Corp., Parsippany, NJ; 0, Mobil Chemical Co., Richmond, VA; A, Amchem 
Products, Inc., Amber, PA; P, PPG Industries, Philadelphia, PA; U, U.S. 
Borax & Chemical Co., Anaheim, CA; C, American Cyanamide Co., Princeton, NJ; 
E, Elanco Products Co., Indianapolis, IN; S, Stauffer Chemical Co., 
Westport, CT. 
Table 4. Noncrop herbicides studied 
Common name Chemical name Formulation^ Source^ 
Amitrole lH-1,2,4-Triazol-3-amine WP(50) G 
Dalapon 2,2-Dichloropropanoic acid WP(85) D 
Dinoseb 2-(1-Methylpropyl)-4,6-dinitrophenol L(360) M 
Diuron N'-(3,4-Dichlorophenyl)-N,N-dimethylurea WP(8 0) P 
Glyphosate N-(Phosphonomethyl)glycine methylamine 
salt 
L(360) M 
Monuron N'-(4-Chlorophenyl)-N,N-dimethylurea WP(80) M 
Paraquat 1,1'-Dimethyl-4,4•-bipyridinium ion 
sodium salt 
L(240) H 
Picloram 4-Amino-3,5,6-trichloro-2-pyridine-
carboxylic acid 
WP(IO) D 
Propanil N-(3,4-Dichlorophenyl)propanamide EC(480) R 
Propham 1-Methylethyl phenylcarbamate EC(240) I 
BWP, wettable powder: L, liquid; EC, emulsifiable concentrate. Values 
in parentheses after WP indicate percentage (w/w) of active ingredient in 
formulation. Values in parentheses after L and EC indicate grams of active 
ingredient per liter of formulation. 
Ciba Geigy Corp., Greensboro, NC; D, Dow Chemical USA, Midland, MI; 
M, Monsanto Agricultural Products Co., St. Louis, MO; P, E. I. duPont de 
Nemours & Co., Inc., Wilmington, DE; H, Chevron Chemical Co., San Francisco, 
CA; R, Crystal Chemical Co., Houston, TX; I, PPG Industries, Philadelphia, 
PA. 
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material were placed in 65-mL glass bottles and treated with 
2 mL of water containing 10 mg of urea or with 2 mL of water 
containing 10 mg of urea and 25 or 250 jig of the herbicide 
under study. The bottles were then sealed with rubber 
stoppers covered with aluminum foil and placed in an 
incubator at 20°C for 24 hours. Urea in the incubated soil 
samples was extracted with 2M KCl containing 5 pg mL~^ 
phenylmercuric acetate as described by Douglas and Bremner 
(1970) and determined by the colorimetric method described by 
Mulvaney and Bremner (1979). Percentage inhibition of urea 
hydrolysis by the herbicide studied was calculated from 
(C-T)/C X 100, where T = amount of urea hydrolyzed in the 
soil sample treated with herbicide, and C = amount of urea 
hydrolyzed in the control (no herbicide added). 
The procedure used to determine the effects of the 
herbicides on nitrification of urea nitrogen in soil was as 
follows. Samples of field-moist soil containing 10 g of 
oven-dry material were placed in 250-mL French square bottles 
and treated with 2 mL of water containing 10 mg of urea, or 
with 2 mL of water containing 10 mg of urea and 50 or 500 pg 
of the herbicide under study. The bottles were then sealed 
with rubber stoppers covered with aluminum foil and placed in 
an incubator at 20°C for 7, 14 or 21 days. The bottles were 
aerated at three-day intervals during incubation. At the 
times specified, duplicate bottles were removed from the 
incubator, and their contents were analyzed for ammonium-N 
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and nitrate-N by the steam-distillation methods described by 
Bremner and Keeney (1966) and for nitrite-N by the 
colorimetric procedure described by Bremner (1965b). The 
amount of (nitrite + nitrate)-N produced during incubation 
was calculated from the results of analyses for (nitrite + 
nitrate)-N before and after incubation, and percentage 
inhibition of nitrification by the herbicide studied was 
calculated from (C-T)/C x 100, where T = amount of (nitrite + 
nitrate)-N produced in the soil sample treated with 
herbicide, and C = amount of (nitrite + nitrate)-N produced 
in the control (no herbicide added). 
All analyses and experiments reported were performed in 
duplicate or triplicate. Analysis of variance (ANOVA) and 
correlation analyses were performed using the Statistical 
Analysis System (SAS) on an IBM 360 computer. 
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RESULTS AND DISCUSSION 
If herbicides are applied to soils at recommended rates 
and then incorporated thoroughly to a depth of 15 cm, their 
concentration in soil should not exceed 2 or 3 pg g"^ soil 
(Fletcher, 1960). In practice, however, herbicides are 
rarely incorporated thoroughly to a depth of 15 cm, and their 
concentration in soil varies greatly from one point to 
another and can reach concentrations that greatly exceed 2 or 
3 pg g~^ soil. Thus the herbicide concentrations studied in 
my work (5 and 50 jig g~^ soil) may represent herbicide 
concentrations that actually occur under field conditions. 
When the 28 herbicides tested were applied at the rate 
of 5 pg g~^ soil, none of them retarded hydrolysis of urea in 
the four soils used. The results obtained when they were 
applied at the rate of 50 pg g~^ soil are reported in Table 5 
(corn herbicides), Table 6 (soybean herbicides) and Table 7 
(noncrop herbicides). The data reported in Table 5 show that 
the corn herbicides had little effect on urea hydrolysis in 
the four soils used. Of the soybean herbicides tested, only 
alachlor retarded urea hydrolysis in the two coarse-textured 
soils (Buckney and Dickinson) when applied at the rate of 50 
pg g~^ soil (Table 6), and only one noncrop herbicide 
(dinoseb) retarded urea hydrolysis in all four of the soils 
used when applied at this rate (Table 7). 
When the 28 herbicides tested were applied at the rate 
21 
Table 5. Effects of 50 pg g~l soil of corn herbicides on 
hydrolysis of urea added to soil^ 
Soil 
Herbicide Buckney Dickinson Webster Harps 
Amount of urea hydrolyzed (/jg soil) 
None 648 288 816 1220 
Atrazine 646 283 810 1220 
Bromoxynil 646 136 (58) 820 1230 
2,4-D amine 650 290 821 1230 
2,4-D ester 638 156 (46) 812 1220 
EPTC 640 285 823 1230 
Dicamba 609 (6) 289 815 1220 
Linuron 616 (5) 285 821 1230 
Prometryn 648 287 823 1230 
Simazine 648 289 815 1230 
^20°C, 24 hours, 2000 pg urea g~^ soil. 
bvalue in parentheses indicates percentage inhibition of 
urea hydrolysis by herbicide. 
of 5 pg g~^ soil, none of them retarded nitrificatran of urea 
nitrogen in the fine-textured soils (Webster and Harps) and 
only amitrole, chlorpropham, 2,4-D amine, dinoseb, propham 
and propanil retarded nitrification of urea nitrogen in the 
coarse-textured soils (Tables 8, 9 and 10). 
Tables 8, 9 and 10 show the results obtained in studies 
of the effects of 50 /jg g"^ soil of the 28 herbicides tested 
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Table 6. Effects of 50 jig g~l soil of soybean herbicides on 
hydrolysis of urea added to soil& 
Soil 
Herbicide Buckney Dickinson Webster Harps 
Amount of urea hydrolyzed (jig g~^ soil)b 
None 648 288 816 1220 
Alachlor 564 (12) 253 (12) 814 1220 
Bentazon 640 281 820 1220 
Bifenox 640 285 815 1230 
Chloramben 648 285 812 1220 
Chlorpropham 645 289 823 1230 
Dinitramine 643 283 819 1220 
Pendimethalin 647 289 817 1220 
Trifluralin 647 284 815 1230 
Vernolate 654 291 812 1220 
^20°C, 24 hours, 2000 pg urea soil. 
bvalue in parentheses indicates percentage inhibition 
of urea hydrolysis by herbicide. 
on nitrification of urea nitrogen in the four soils used. 
The data reported in Table 8 show that all of the corn 
herbicides tested retarded nitrification of urea nitrogen in 
the two coarse-textured soils, but that only bromoxynil, 
2,4-D amine, 2,4-D ester and dicamba retarded nitrification 
of urea nitrogen in all four of the soils used. Table 9 
shows that all nine of the soybean herbicides tested retarded 
nitrification of urea nitrogen in the two coarse-textured 
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Table 7. Effects of 50 pg g"*l soil of noncrop herbicides on 
hydrolysis of urea added to soil^ 
Soil 
Herbicide Buckney Dickinson Webster Harps 
Amount of urea hydrolyzed (pg g"^ soil)^ 
None 648 288 816 1220 
Amitrole 645 280 819 1220 
Dalapon 650 285 814 1220 
Dinoseb 596 (8) 225 (22) 805 (2) 1150 (6) 
Diuron 629 (3) 285 819 1220 
Glyphosate 596 (8) 287 810 1230 
Monuron 645 286 821 1220 
Paraquat 649 287 813 1220 
Picloram 645 287 817 1220 
Propanil 644 288 819 1230 
Propham 641 284 812 1230 
^20°C, 24 hours, 2000 j2g urea g~^ soil. 
bvalue in parentheses indicates percentage inhibition of 
urea hydrolysis by herbicide. 
soils and that six of them (alachlor, bentazon, chloramben, 
chlorpropham, dinitramine and pendimethalin) retarded 
nitrification in all four of the soils used. Table 10 shows 
that three of the noncrop herbicides (dalapon, 
paraquat and picloram) retarded nitrification of urea 
nitrogen in one of the coarse-textured soils used, but that 
four of them (amitrole, dinoseb, propanil and propham) 
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Table 8. Effects of 50 jjg g~l soil of corn herbicides on 
nitrification of urea nitrogen in soil^ 
Herbicide 
Time Soil 
(days) Buckney Dickinson Webster Harps 
% Inhibition of nitrification^ 
Atrazine 7 100 15 0 0 
14 52 0 0 0 
21 18 0 0 0 
Bromoxynil 7 100 36 5 6 
14 72 8 0 0 
21 49 0 0 0 
2,4-D amine 7 80 (20) 85 (19) 52 32 
14 63 (5) 45 (16) 15 0 
21 29 2 0 0 
2,4-D ester 7 100 93 33 22 
14 78 92 3 0 
21 52 73 0 0 
Dicamba 7 70 20 3 4 
14 20 16 0 0 
21 0 0 0 0 
EPTC 7 100 67 9 0 
14 90 0 0 0 
21 20 0 0 0 
Linuron 7 98 45 0 0 
14 75 18 0 0 
21 21 2 0 0 
Prometryn 7 90 16 0 0 
14 46 6 0 0 
21 0 0 0 0 
Simazine 7 31 22 0 0 
14 20 5 0 0 
21 0 0 0 0 
^20°C, 1000 Jig urea g~l soil. 
Walue in parentheses indicates percentage inhibition 
of nitrification when herbicide was applied at the rate of 
5 jug g~l soil. 
V 
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Table 9. Effects of 50 ug g~l soil of soybean herbicides on 
nitrification of urea nitrogen in soil& 
Herbicide 
Time 
(days) 
Soil 
Buckney Dickinson Webster Harps 
% Inhibition of nitrification^ 
Alachlor 7 100 45 9 18 
14 100 10 6 12 
21 67 6 5 0 
Bentazon 7 100 22 7 8 
14 77 0 0 0 
21 49 0 0 0 
Bifenox 7 73 24 10 0 
14 59 0 0 0 
21 29 0 0 0 
Chloramben 7 100 31 8 5 
14 35 26 3 3 
21 26 0 0 0 
Chlorprophaiti 7 100 (49) 87 (48) 38 20 
14 100 (20) 85 (10) 16 15 
21 98 82 10 0 
Dinitramine 7 90 62 10 9 
14 73 37 2 0 
21 20 13 0 0 
Pendimethalin 7 100 61 20 16 
14 90 13 0 0 
21 79 0 0 0 
Trifluralin 7 59 52 5 0 
14 32 3 0 0 
21 0 0 0 0 
Vernolate 7 17 17 0 0 
14 9 16 0 0 
21 0 0 0 0 
&20Oc, 1000 ]2g urea g~l soil. 
bvalue in parentheses indicates percentage inhibition 
of nitrification when herbicide was applied at the rate of 
5 Jig g~l soil. 
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markedly retarded nitrification of urea nitrogen in all four 
of the soils used. 
The results obtained in studies of the effects of 50 jig 
g~^ soil of the 28 herbicides tested on nitrification of urea 
nitrogen in four diverse surface soils incubated at 20°C for 
7, 14 or 21 days (Tables 8, 9 and 10) after treatment with 
urea were statistically analyzed by the one way analysis of 
variance (ANOVA) and were statistically analyzed for 
relationships between the effects of herbicides on 
nitrification of urea nitrogen and the soil properties listed 
in Table 1. The one way analysis of variance (ANOVA) 
evaluated the contribution of the herbicides applied, soil 
type, incubation time periods and the interactions of these 
three factors on inhibition of nitrification of urea nitrogen 
in the soils used. This analysis showed that differences 
between soil types were more significant than differences 
between the herbicides applied or the incubation time 
periods. Simple correlation analyses showed that the 
percentage inhibition of nitrification of urea nitrogen in 
the soils used was correlated with organic C content 
(r = -0.95***), total N content (r = -0.89**), sand, silt and 
clay content (r = 0.91**, -0.93**, and -0.88**, respectively) 
and cation-exchange capacity (r = -0.93**), but was not 
significantly correlated with soil pH, calcium carbonate 
equivalent or urease activity. The ANOVA and correlation 
analyses suggest that organic matter content and soil texture 
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Table 10. Effects of 50 pg g~l soil of noncrop herbicides on 
nitrification of urea nitrogen in soil^ 
Time Soil 
Herbicide (days) Buckney Dickinson Webster Harps 
% Inhibition of nitrification^ 
Amitrole 7 100 (84) 96 (80) 70 63 
14 100 (60) 95 (52) 60 55 
21 100 (20) 90 ( 9 )  50 50 
Dalapon 7 12 0 0 0 
14 0 0 0 0 
21 0 0 0 0 
Dinoseb 7 100 (33) 96 ( 7 )  64 47 
14 100 (18) 95 48 43 
21 100 95 37 12 
Diuron 7 90 80 19 20 
14 53 43 4 0 
21 14 16 0 0 
Glyphosate 7 57 16 0 0 
14 26 9 0 0 
21 7 4 0 0 
Monuron 7 100 35 0 0 
14 78 0 0 0 
21 28 0 0 0 
Paraquat 7 30 0 0 0 
14 22 0 0 0 
21 0 0 0 0 
Picloram 7 13 0 0 0 
14 0 0 0 0 
21 0 0 0 0 
Propanil 7 100 (74) 100 (6) 73 68 
14 100 (30) 99 50 20 
21 100 98 48 0 
Propham 7 100 (16) 95 (13) 82 73 
14 96 95 62 5 
21 95 40 31 0 
&20OC, 1000 pg urea g"l soil. 
bvalue in parentheses indicates percentage inhibition 
of nitrification when herbicide was applied at the rate of 
5 ixq g~l soil. 
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are the most significant soil factors regulating inhibition 
of nitrification of urea nitrogen, and that soils with low 
organic matter and(or) high sand content may be subject to 
increased urea nitrogen losses due to misapplication of 
herbicides. 
To summarize, when the 28 herbicides studied were 
applied at the rate of 5 jig g"^ soil, none of them retarded 
urea hydrolysis in the four soils used or retarded 
nitrification of urea nitrogen in the two fine-textured 
soils, but six of them (amitrole, chlorpropham, 2,4-D amine, 
dinoseb, propham and propanil) retarded nitrification of urea 
nitrogen in the two coarse-textured soils. When the 
herbicides were applied at the rate of 50 jig g~^ soil, eight 
of them (alachlor, bromoxynil, 2,4-D ester, dicamba, dinoseb, 
linuron, diuron and glyphosate) retarded urea hydrolysis in 
one of the two coarse-textured soils used, and alachlor and 
dinoseb retarded hydrolysis of urea in both of these soils. 
All of the herbicides studied retarded nitrification of urea 
nitrogen in one of the coarse-textured soils (Buckney) when 
applied at the rate of 50 jjg g~^ soil, but only four of them 
(amitrole, dinoseb, propanil and propham) markedly retarded 
nitrification of urea nitrogen in the four soils used when 
applied at this rate. 
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SUMMARY 
The influence of 28 herbicides on hydrolysis of urea and 
nitrification of urea nitrogen in soil was studied by 
determining the effects of 5 and 50 jug g~^ soil of each 
herbicide on the amounts of urea hydrolyzed and the amounts 
of nitrite and nitrate produced when samples of two coarse-
textured and two fine-textured soils were incubated 
aerobically at 20°C for various times after treatment with 
urea. The herbicides studied were atrazine, bromoxynil, 
2,4-D amine, 2,4-D ester, dicamba, EPTC, linuron, prometryn, 
simazine, alachlor, bentazon, bifenox, chloramben, 
chlorpropham, dinitramine, pendimethalin, trifluralin, 
vernolate, amitrole, dalapon, dinoseb, diuron, glyphosate, 
monuron, paraquat, picloram, propanil and propham. 
When the 28 herbicides tested were applied at the rate 
of 5 Jig g~^ soil, none affected urea hydrolysis in the four 
soils used or nitrification of urea nitrogen in the two fine-
textured soils, but six (amitrole, 2,4-D amine, chlorpropham, 
dinoseb, propanil and propham) retarded nitrification of urea 
nitrogen in the two coarse-textured soils. 
When the herbicides were applied at the rate of 50 jug 
g~^ soil, six (bromoxynil, 2,4-D ester, dicamba, linuron, 
diuron and glyphosate) retarded hydrolysis of urea in one of 
the coarse-textured soils, and alachlor and dinoseb retarded 
urea hydrolysis in both of these soils. All of the 28 
X. 
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herbicides tested retarded nitrification of urea nitrogen in 
one of the coarse-textured soils, but only four of them 
(propanil, amitrole, dinoseb and propham) markedly retarded 
nitrification of urea nitrogen in all four of the soils used. 
The data indicated that herbicides have a low potential for 
increasing urea nitrogen losses or stabilizing urea nitrogen 
when used in conjuction with urea fertilizers. 
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PART II. EFFECTS OF GRASS HERBICIDES ON TRANSFORMATIONS OF 
UREA NITROGEN IN SOIL 
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INTRODUCTION 
The international need for food and fiber cannot be met 
without increased use of herbicides as well as nitrogen 
fertilizers because herbicides are vitally important to 
increasing and protecting the quantity and quality of food 
commodities grown. The use of herbicides in U.S. agriculture 
has increased steadily since 1955, and in 1980 48% of the 
corn hectares and 38% of the soybean hectares in Iowa were 
treated with preemergence herbicides, and 36% of the corn 
hectares and 6% of the soybean hectares in Iowa were treated 
with postemergence herbicides. The increasing use of 
herbicides has created international concern about the 
potential adverse effects of herbicides on nontarget 
organisms and the environment, and the rapid increase in the 
use of herbicides in conjunction with urea fertilizers has 
emphasized the need for information concerning the effects of 
herbicides on transformations of urea nitrogen in soil. 
Nitrification is one of the most pesticide-sensitive 
microbiological transformations (Quastel and Scholefield, 
1951; Parr, 1974), and numerous studies of the effects of 
pesticides on nitrification of ammonium nitrogen in soil have 
been reported (Goring and Laskowski, 1982). Very little 
information is available, however, concerning the effects of 
herbicides on transformations of urea nitrogen in soil. 
V. 
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My purpose in the work reported here was to determine 
the effects of 18 grass herbicides on urea hydrolysis and 
nitrification of urea nitrogen in soil. The grass herbicides 
used were butylate, cinmethylin, cyanazine, dimethazone, 
ethalfluralin, metolachlor, oryzalin, propachlor, siduron, 
acifluorfen, diclofop methyl, DPX-6202, fenoxaprop ethyl, 
fluazifop butyl, haloxyfop methyl, mefluidide, sethoxydim and 
tridiphane. These herbicides are commonly used for control 
of a variety of grass plant species in a wide range of 
cropping situations. No studies of their effects on 
hydrolysis of urea or nitrification of urea nitrogen in soil 
have been reported. 
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MATERIALS AND METHODS 
The four soils used (Table 11) were surface (0-15 cm) 
samples of soils selected to obtain a range in pH (6.0-8.1), 
texture (14-80% sand, 8-42% clay) and organic-matter content 
(0.4-4.2% organic C). Before use, each sample was sieved in 
the field-moist condition to pass through a 2 mm screen. In 
the analyses reported in Table 11, pH, CaCOy equivalent, 
organic C, urease activity and texture were determined as 
described by Zantua and Bremner (1975). Total nitrogen was 
determined by a semi-microKjeldahl procedure (Bremner, 1965a) 
and cation-exchange capacity was determined as described by 
Keeney and Bremner (1969). The organic C, CaCO^ equivalent 
and cation-exchange capacity analyses were performed on <0.14 
mm soil. The other analyses reported were performed on <2 mm 
soil. 
To simplify the presentation of results, the 18 
herbicides studied have been classified as preemergence 
herbicides and postemergence herbicides. The names, 
formulations and sources of the nine preemergence and the 
nine postemergence grass herbicides studied are reported in 
Tables 12 and 13, respectively. Other chemicals used were 
obtained from Fisher Scientific Co., Itasca, Illinois. 
To determine the effects of the 18 herbicides on 
hydrolysis of urea in soil, samples of field-moist soil 
containing 5 g of oven-dry material were placed in 65-mL 
Table 11. Analyses of soils 
Soil Organic Total Urease 
Series Subgroup pH C N Sand Silt Clay CCE& CEC^ activity® 
Buckney Entic Hapludoll 
Harps 
8.1 0.4 0.05 
— % -
80 12 8 30 4 27 
6.0 1.2 0.13 74 18 8 0 9 12 
7.3 3.3 0.23 33 34 33 1 20 34 
7.7 4.2 0.47 14 44 42 23 29 51 
^CaCOg equivalent. 
^Cation-exchange capacity [cMole(NH^'*') kg~^ soil]. 
^Determined by the nonbuffer method of Zantua and Bremner (1975). Expressed 
as /ig urea hydrolyzed h~^ g~^ soil (37°C) . 
Table 12. Preemergence herbicides studied 
Common name Chemical name Formulation^ Source^ 
Butylate S-Ethyl bis(2-methylpropyl)carbamothioate EC(800) T 
Cinmethylin exo-l-Methyl-4-(1-methylethyl)-2-[(methyl-
phenyl)methoxy]-7-osabicyclo[2.2.1]heptane 
EC(840) S 
Cyanazine 2-[[4-Chloro-6-(ethylamino)-1,3,5-trazine-
2-yl]amino]-2-methylpropanenitrile 
WP(80) S 
Dimethazone 2-(2-Chlorophenyl)methyl-4,4-dimethyl-3-
isoxazolidinone 
EC(720) F 
Ethalfluralin N-Ethyl-N-(2-methyl-2-propenyl)-2,6-
dinitro-4-(trifluoromethyl)benzenamine 
EC(360) E 
Metolachlor 2-Chloro-N-(2-ethyl-6-methylphenyl)-N-(2-
methoxy-l-methylethyl)acetamide 
EC(960) G 
Oryzalin 4-(Dipropylamino)-3,5-dinitrobenz enesulfonamide S(480) E 
Propachlor 2-Chloro-N-(1-methylethyl)-N-phenylacetamide L(480) M 
Siduron N-(2-Methylcyclohexyl)-N'-phenylurea WP(80) P 
^EC,emulsifiable concentrate; WP wettable powder; S, surfactant; L, 
liquid. Value in parentheses after EC, S and L indicates grams of active 
ingredient per liter of formulation. Value in parentheses after WP 
indicates percentage (w/w) of active ingredient in formulation. 
^ T, Stauffer Chemical Co., Westport, CT; S, Shell Chemical Corp., Houston 
TX; F, FMC Corp., Middleport, NY; E, Elanco Products Co., Indianapolis, IN; 
CG, Ciba Geigy Corp., Greensboro, NC; M, Monsanto Agricultural Products Co., 
St Louis, MO; P, E. I. duPont de Nemours & Co., Inc., Wilmington, DE. 
Table 13. Postemergence herbicides studied 
Common name Chemical name Formulation® Source^ 
Acifluorfen 5-[2-Chloro-4-(trifluoromethyl)phenoxy]-
2-nitrobenzoic acid 
L(240) R 
Diclofop methyl (+)-2-[4-(2,4-Dichlorophenoxy)phenoxy]-
propanoic acid methyl ester 
EC(360) A 
DPX-6202 2-[4-[(6-Chloro-2-quinoxalinyl)oxy]-
phenoxy]propanoic acid ethyl ester 
EC(96) p 
Fenoxaprop ethyl (+)-2-[4-[(6-Chloro-2-benzoxazolyl)oxy]-
phenoxy]propanoic acid ethyl ester 
EC(120) A 
Fluazifop butyl (+)-2-[4-[[5-(Trifluoromethyl)-2-pyridinyl]-
oxy]phenoxy]propanoic acid butyl ester 
EC(480) I 
Haloxyfop methyl 2-[4-[[3-Chloro-S-(tri fluoromethyl)-2-pyrid-
inyl]oxy]phenoxy]propanoic acid methyl ester 
EC(240) D 
Mefluidide N-[2,4-Dimethyl-5-[[(trifluoromethyl)-
sulfonyl]amino]phenyl]acetamide 
S(240) M 
Sethoxydim 2-[l-(Ethoxyimino)butyl]-5-[2-(ethyl-
thio)propyl]-3-hydroxy-2-cyclohexen-l-one 
EC(180) B 
Tridiphane 2-(3,5-Dichlorophenyl)-2-(2,2,2-tri-
chloroethyl)oxirane 
EC(480) D 
^L, liquid; EC, emulsifiable concentrate; S, surfactant. Value in parentheses 
after L, EC and S indicates grams of active ingredient per liter of formulation. 
^R, Rhone-Poulenc, Inc., Monmouth, NJ; A, American Hoechst Corp.,Sommerville, 
NJ; P, E. I. duPont de Nemours & Co., Inc., Wilmington, DE; I, ICI Americas Inc., 
Goldsboro, NC; D, Dow Chemical U.S.A., Midland, MI; M, 3M Agricultural Products, St. 
Paul, MN; B, BASF Wyandotte Corp., Parsippany, NJ. 
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glass bottles and treated with 2 mL of water containing 10 mg 
of urea or with 2 mL of water containing 10 mg of urea and 25 
or 250 jjg of the herbicide under study. The bottles were 
then sealed with rubber stoppers covered with aluminum foil 
and placed in an incubator at 20°C for 24 hours. Urea in the 
incubated soil samples was extracted with 2M KCl containing 5 
Azg mL"! phenylmercuric acetate as described by Douglas and 
Bremner (1970) and determined by the colorimetric method 
described by Mulvaney and Bremner (1979). Percentage 
inhibition of urea hydrolysis by the herbicide studied was 
calculated from (C-T)/C x 100, where T = amount of urea 
hydrolyzed in the soil sample treated with herbicide, and C = 
amount of urea hydrolyzed in the control (no herbicide 
added). 
To determine the effects of the herbicides on 
nitrification of urea nitrogen in soil, samples of 
field-moist soil containing 10 g of oven-dry material were 
placed in 250-mL French square bottles and treated with 2 mL 
of water containing 10 mg of urea, or with 2 mL of water 
containing 10 mg of urea and 50 or 500 jjg of the herbicide 
under study. The bottles were then sealed with rubber 
stoppers covered with aluminum foil and placed in an 
incubator at 20°C for 7, 14 or 21 days. The bottles were 
aerated at three-day intervals during incubation. After the 
times specified, duplicate bottles were removed from the 
incubator, and their contents were analyzed for ammonium-N 
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and nitrate-N by the steam-distillation methods described by 
Bremner and Keeney (1966) and for nitrite-N by the 
colorimetric procedure described by Bremner (1965b). The 
amount of (nitrite + nitrate)-N produced during incubation 
was calculated from the results of analyses for (nitrite + 
nitrate)-N before and after incubation, and percentage 
inhibition of nitrification by the herbicide studied was 
calculated from (C-T)/C x 100, where T = amount of (nitrite + 
nitrate)-N produced in the soil sample treated with 
herbicide, and C = amount of (nitrite + nitrate)-N produced 
in the control (no herbicide added). 
All analyses and experiments reported were performed in 
duplicate or triplicate. Analysis of variance (ANOVA) and 
correlation analyses were performed using the Statistical 
Analysis System (SAS) on an IBM 360 computer. 
V 
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RESULTS AND DISCUSSION 
When the 18 herbicides tested were applied at the rate 
of 5 ug soil, none of them retarded urea hydrolysis in 
the four soils used. The results obtained when they were 
applied at the rate of 50 jig g~^ soil are reported in Table 
14 (preemergence herbicides) and Table 15 (postemergence 
herbicides). The data reported in Table 14 show that none of 
the preemergence herbicides retarded urea hydrolysis in the 
two fine-textured soils (Webster and Harps), and that one of 
them (cyanazine) retarded urea hydrolysis in one of the 
coarse-textured soils (Dickinson) when applied at the rate of 
50 ^ig g~^ soil. The postemergence herbicides had no effect 
on hydrolysis of urea in the two fine-textured soils, but 
four of them (acifluorfen, diclofop methyl, DPX-6202 and 
fenoxaprop ethyl) retarded hydrolysis of urea in the two 
coarse-textured soils (Dickinson and Buckney) when applied at 
the same rate (Table 15). 
When the nine preemergence herbicides tested were 
applied at the rate of 5 jig g~^ soil, none of them retarded 
nitrification of urea in the four soils used. When these 
herbicides were applied at the rate of 50 jug g~^ soil, all 
except siduron retarded nitrification of urea nitrogen in the 
two coarse-textured soils, but only dimethazone retarded 
nitrification of urea nitrogen in all four of the soils used 
(Table 16). When the nine postemergence herbicides 
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Table 14. Effects of 50 pg g~l soil of preemergence 
herbicides on hydrolysis of urea added to soil& 
Soil 
Herbicide Buckney Dickinson Webster Harps 
Amount of urea hydrolyzed (pg g" ^ soil)b 
None 648 288 816 1220 
Butylate 648 287 816 1220 
Cinmethylin 650 285 814 1230 
Cyanazine 646 237 (18) 812 1230 
Dimethazone 649 285 819 1220 
Ethalfluralin 648 287 810 1230 
Metolachlor 645 286 821 1220 
Oryzalin 649 287 813 1220 
Propachlor 645 287 817 1220 
Siduron 644 288 819 1230 
^20®C, 24 hours, 2000 jug urea g~^ soil. 
^Value in parentheses indicates percentage inhibition of 
urea hydrolysis by herbicide. 
were applied at the rate of 5 jug g~^ soil, none of them 
retarded nitrification of urea nitrogen in the fine- textured 
soils, but four (acifluorfen, diclofop methyl, fenoxaprop 
ethyl and tridiphane) retarded nitrification of urea nitrogen 
in the two coarse-textured soils (Table 17). When the 
postemergence herbicides were applied at the rate of 50 pg 
g~^ soil, all of them retarded nitrification of urea nitrogen 
in the coarse-textured soils and six of them (diclofop 
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Table 15. Effects of 50 pig g~l soil of postemergence 
herbicides on hydrolysis of urea added to soil& 
Soil 
Herbicide Buckney Dickinson Webster Harps 
Amount of urea hydrolyzed (ug g" ^ soiiyb 
None 648 288 816 1220 
Acifluorfen 551 (15) 143 (50) 816 1220 
Diclofop methyl 590 (9) 233 (19) 814 1230 
DPX-6202 531 (18) 237 (12) 815 1220 
Fenoxaprop ethyl 531 (18) 239 (17) 819 1220 
Fluazifop butyl 646 287 810 1230 
Haloxyfop methyl 645 286 821 1220 
Mefluidide 649 287 813 1220 
Sethoxydim 645 287 817 1220 
Tridiphane 644 288 819 1230 
^20°C, 24 hours, 2000 Jig urea g~^ soil. 
Walue in parentheses indicates percentage inhibition of 
urea hydrolysis by herbicide. 
methyl, DPX-6202, fenoxaprop ethyl, haloxyfop methyl, 
mefluidide and tridiphane) retarded nitrification of urea 
nitrogen in all four of the soils used, but only fenoxaprop 
ethyl and tridiphane markedly retarded nitrification of urea 
nitrogen in these soils (Table 17). 
The results obtained in studies of the effects of 50 jug 
g~^ soil of the 18 herbicides tested on nitrification of urea 
nitrogen in four diverse surface soils incubated at 20°C for 
\ 
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Table 16. Effects of 50 jig g~l soil of preemergence 
herbicides on nitrification of urea nitrogen in 
soil& 
Time Soil 
Herbicide (days) Buckney Dickinson Webster Harps 
% Inhibition of nitrification 
Butylate 7 100 18 0 0 
14 30 0 0 0 
21 26 0 0 0 
Cinmethylin 7 12 12 8 0 
14 0 0 0 0 
21 0 0 0 0 
Cyanazine 7 95 23 0 0 
14 39 15 0 0 
21 12 5 0 0 
Dimethazone 7 80 60 50 28 
14 74 28 10 0 
21 60 0 0 0 
Ethalfluralin 7 90 75 0 0 
14 39 30 0 0 
21 8 21 0 0 
Metolachlor 7 90 71 0 0 
14 30 41 0 0 
21 0 7 0 0 
Oryzalin 7 79 10 4 0 
14 23 0 0 0 
21 0 0 0 0 
Propachlor 7 97 66 12 0 
14 77 31 3 0 
21 2 0 0 0 
Siduron 7 0 0 0 0 
14 0 0 0 0 
21 0 0 0 0 
^20°C, 1000 i2g urea g"l soil. 
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Table 17. Effects of 50 jig g~l soil of post emergence 
herbicides on nitrification of urea nitrogen in 
soil® 
Time Soil 
Herbicide (days) Buckney Dickinson Webster Harps 
% Inhibition of nitrification^ 
Acifluorfen 7 100 (10) 40 (8) 8 0 
14 95 27 5 0 
21 57 0 0 0 
Diclofop 7 100 (20) 72 (10) 27 20 
methyl 14 66 40 4 0 
21 65 15 0 0 
DPX-6202 7 100 40 35 23 
14 55 15 9 0 
21 20 0 0 0 
Fenoxaprop 7 100 (20) 100 (16) 85 70 
ethyl 14 100 95 82 34 
21 100 90 79 10 
Fluazifop 7 80 64 0 0 
butyl 14 20 18 0 0 
21 16 17 0 0 
Haloxyfop 7 28 21 20 10 
methyl 14 8 0 0 0 
21 0 0 0 0 
Mefluidide 7 63 60 11 7 
14 44 49 4 5 
21 0 30 0 0 
Sethoxydim 7 100 56 0 0 
14 77 24 0 0 
21 24 0 0 0 
Tridiphane 7 100 (30) 100 (15) 50 33 
14 100 (8) 100 60 45 
21 100 100 71 47 
®20°C, 1000 ]2g urea g~l soil. 
Walue in parentheses indicates percentage inhibition 
of nitrification when herbicide was applied at the rate of 
5 jLzg g"l soil. 
45 
7, 14 or 21 days (Tables 16 and 17) after treatment with urea 
were statistically analyzed by the one way analysis of 
variance (ANOVA) and were statistically analyzed for 
relationships between the effects of herbicides on 
nitrification of urea nitrogen and the soil properties listed 
in Table 11. The one way analysis of variance (ANOVA) 
evaluated the contribution of the herbicides applied, soil 
type, incubation time and the interactions of these three 
factors on inhibition of nitrification of urea nitrogen in 
the soils used. This analysis showed that differences 
between soil types were more significant than differences 
between the herbicides applied or the incubation times. 
Simple correlation analyses showed that the percentage 
inhibition of nitrification of urea nitrogen in the soils 
used was correlated with organic C content (r = -0.97***), 
total N content (r = -0.91**), sand, silt and clay content 
(r = 0.94**, -0.96***, and -0.91**, respectively) and 
cation-exchange capacity (r = -0.95***), but was not 
significantly correlated with soil pH, calcium carbonate 
equivalent or urease activity. The ANOVA and correlation 
analyses suggest that organic matter content and soil texture 
are the most significant soil factors regulating inhibition 
of nitrification of urea nitrogen, and that soils with low 
organic matter and(or) high sand content may be subject to 
increased urea nitrogen losses due to misapplication of 
herbicides. 
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To summarize, when the 18 grass herbicides were applied 
at the rate of 5 ]iq g"^ soil, none of them retarded 
hydrolysis of urea in the four soils used or retarded 
nitrification of urea nitrogen in the two fine-textured 
soils, but four of them (acifluorfen, diclofop methyl, 
fenoxaprop ethyl and tridiphane) retarded nitrification of 
urea nitrogen in the two coarse-textured soils. When the 
herbicides were applied at the rate of 50 jug g"^ soil, four 
of them (acifluorfen, diclofop methyl, DPX-6202 and 
fenoxaprop ethyl) retarded urea hydrolysis in the two 
coarse-textured soils, and all except siduron retarded 
nitrification of urea nitrogen in these soils, but only 
fenoxaprop ethyl and tridiphane markedly retarded 
nitrification of urea nitrogen in all four of the soils used. 
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SUMMARY 
The effects of nine preemergence and nine postemergence 
herbicides on hydrolysis of urea and nitrification of urea 
nitrogen in soil were studied by determining the influence of 
5 and 50 pg g~^ soil of each herbicide on the amounts of urea 
hydrolyzed and the amounts of nitrite and nitrate produced 
when samples of two coarse-textured and two fine-textured 
soils were incubated aerobically at 20°C for various times 
after treatment with urea. The nine preemergence herbicides 
studied were butylate, cinmethylin, cyanazine, dimethazone, 
ethalfluralin, metolachlor, oryzalin, propachlor and siduron. 
The nine postemergence herbicides studied were acifluorfen, 
diclofop methyl, DPX-6202, fenoxaprop ethyl, fluazifop butyl, 
haloxyfop methyl, mefluidide, sethoxydim and tridiphane. 
When the 18 grass herbicides tested were applied at the 
rate of 5 pg g~^ soil, none retarded hydrolysis of urea in 
the four soils used or retarded nitrification of urea 
nitrogen in the two fine-textured soils, but four of them 
(acifluorfen, diclofop methyl, fenoxaprop ethyl and 
tridiphane) retarded nitrification of urea nitrogen in the 
two coarse-textured soils. 
When the 18 grass herbicides tested were applied at the 
rate of 50 pg g~^ soil, none retarded urea hydrolysis in the 
fine-textured soils, but four of them (acifluorfen, diclofop 
methyl, DPX-6202 and fenoxaprop ethyl) retarded hydrolysis of 
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urea in the two coarse-textured soils and one (cyanazine) 
retarded urea hydrolysis in one of these soils. All of the 
18 herbicides studied except siduron retarded nitrification 
of urea nitrogen in the two coarse-textured soils when 
applied at the rate of 50 pg g~^ soil, but only fenoxaprop 
ethyl and tridiphane markedly retarded nitrification of urea 
nitrogen in all four of the soils used when applied at this 
rate. The data indicated that herbicides have a low 
potential for increasing urea nitrogen losses or stabilizing 
urea nitrogen when used in conjuction with urea fertilizers. 
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PART III. EFFECTS. PP, FUNGICIDES ON TRANSFORMATIONS OF UREA 
NITROGEN IN SOIL 
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INTRODUCTION 
Although fungicides are used much less extensively than 
herbicides and insecticides to aid crop production, the 
intensive and repeated use of fungicides on turfgrass, rice 
and other small grains has caused concern about their 
possible adverse effects on nontarget organisms affecting 
soil microbiological processes (Dubey and Rodriguez, 1970; 
Schwinn, 1982). World use of urea as a nitrogen fertilizer 
has increased dramatically in recent years, and urea is now 
the most important fertilizer in world agriculture. 
Nitrification is one of the most pesticide-sensitive of the 
microbiological transformations of nitrogen (Quastel and 
Scholefield, 1951; Parr, 1974). Many studies of the effects 
of pesticides on nitrification of ammonium in soil have been 
published (Goring and Laskowski, 1982), but no studies of the 
effects of fungicides on transformations of urea nitrogen in 
soil have been reported and such studies are clearly needed 
in view of the rapid increase in the use of fungicides in 
conjunction with urea fertilizers. 
Several studies of the effects of fungicides on 
nitrification of ammonium in soil have been reported. Maneb, 
anilazine (Dubey and Rodriguez, 1970; Mazur and Hughes, 
1975), captan (Agnihotri, 1971; Wainwright and Pugh, 1973), 
and thiram (Wainwright and Pugh, 1973) have been found to 
inhibit the oxidation of ammonium to nitrate by soil 
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microorganisms, but benomyl (Mazur and Hughes, 1975) and PCNB 
(Caseley and Broadbent, 1968) have been reported to have no 
effect on this process. Dubey (1970) reported studies 
leading him to conclude that repeated applications of maneb 
and other fungicides to a soil used to grow tomatoes in 
Puerto Rico caused a marked reduction in the soil's bacterial 
population and resulted in inhibition of both mineralization 
of organic N and nitrification of ammonium in this soil. 
My purpose in the work reported here was to determine 
the effects of 17 extensively used fungicides on urea 
hydrolysis and nitrification of urea nitrogen in a range of 
soils. The fungicides studied were anilazine, benomyl, 
captan, chloranil, chloroneb, chlorothalonil, fenaminosulf, 
fenarimol, folpet, iprodione, mancozeb, maneb, metalaxyl, 
metham-sodium, PCNB, terrazole and thiram. These turfgrass 
and crop protection fungicides are commonly used for control 
of a wide spectrum of plant diseases in a range of cropping 
and horticultural situations. 
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MATERIALS AND METHODS 
The four soils used (Table 18) were surface (0-15 cm) 
samples of soils selected to obtain a range in pH (6.0-8.1), 
texture (14-80% sand, 8-42% clay) and organic-matter content 
(0.4-4.2% organic C). Before use, each sample was sieved in 
the field-moist condition to pass through a 2 mm screen. In 
the analyses reported in Table 18, pH, CaCOg equivalent, 
organic C, urease activity and texture were determined as 
described by Zantua and Bremner (1975). Total nitrogen was 
determined by a semi-microKjeldahl procedure (Bremner, 1965a) 
and cation-exchange capacity was determined as described by 
Keeney and Bremner (1969). The organic C, CaCOg equivalent 
and cation-exchange capacity analyses were performed on <0.14 
mm soil. The other analyses reported were performed on <2 mm 
soil. 
To simplify the presentation of results, the 17 
fungicides studied have been classified as nonsulfur and 
sulfur fungicides. The names, formulations and sources of 
the nine nonsulfur and eight sulfur fungicides studied are 
reported in Tables 19 and 20, respectively. Other chemicals 
used were obtained from Fisher Scientific Co., Itasca, 
Illinois. 
The procedure used to determine the effects of the 17 
fungicides on hydrolysis of urea in soil was as follows. 
Samples of field-moist soil containing 5 g of oven-dry 
Table 18. Analyses of soils 
Soil Organic Total Urease 
Series Subgroup pH C N Sand Silt Clay CCE^ CEC^ activity® 
Buckney Entic Hapludoll 8.1 0. 4 0.05 
i 
03
 
O
 
1 
12 8 30 4 27 
Dickinson Typic Hapludoll 6.0 1. 2 0.13 74 18 8 0 9 12 
Webster Typic Haplaquoll 7.3 3. 3 0.23 33 34 33 1 20 34 
Harps Typic Calciaquoll 7.7 4. 2 0.47 14 44 42 23 29 51 
B^aCOg equivalent. 
^Cation-exchange capacity [cMblefNH^*) kg"^ soil]. 
^Determined by the nonbuffer method of Zantua and Bremner (1975). Expressed 
as fiq urea hydrolyzed h~^ g~^ soil (37°C). 
Table 19. Nonsulfur fungicides studied 
Common name Chemical name Formulation^ Source^ 
Anilazine 4,6-Dichloro-N-(2-chlorophenyl)-1,3,5-
triazin-2-amine 
WP(50) M 
Benomyl 1-(ButyIcarbamoy1)-2-benzimidazolecarbamic 
acid methyl ester 
WP(50) P 
Chloranil 2,3,5,6-Tetrachloro-2,5-cyclohexadiene-
1,4-dione 
WP(50) A 
Chloroneb 1,4-Dichloro-2,5-dimethoxybenzene WP(65) P 
Chlorothalonil 2,4,5,6-Tetrachloro-l,3-benzenedicarbon-
nitrile 
EC(500) D 
Fenarimol Of- (2-Chlorophenyl) -a- (4-chlorophenyl) -5-
pyrimidinemethanol 
EC(144) E 
Iprodione 3-(3,5-Dichlorophenyl-N-(1-methylethyl)-
2,4-dioxo-l-imidazolidinecarboxamide 
WP(50) R 
Metalaxyl N-(2,6-dimethylphenyl)-N-(methoxyacetyl)-
alanine methyl ester 
EC(240) G 
PCNB Pentachloronitrobenzene WP(75) 0 
®WP, wettable powder; EC, emulsifiable concentrate. Values in parentheses 
after WP indicate percentage (w/w) of active ingredient in formulation. 
Values in parentheses after EC indicate grams of active ingredient per 
liter of formulation. 
Mobay Chemical Corp., Kansas City, MO; P, E. I. duPont de Nemours & 
Co., Inc., Wilmington, DE; A, Agway Inc., Syracuse, NY; D, Diamond-Shamrock, 
Cleveland, OH; E, Elanco Products Co., Indianapolis, IN; R, Rhone-Poulenc, Inc., 
Monmouth, NJ; G, Ciba Geigy Corp., Greensboro, NC; O, Olin Corp., Little Rock, AR. 
Table 20. Sulfur fungicides studied 
Common name Chemical name Formulation® Source^ 
Captan N-(Trichloromethylthio)-4-cyclohexene-
1,2-dicarboximide 
WP(50) S 
Fenaminosulf [4-(Dimethylamino)phenyl]diazene 
sulfonic acid sodium salt 
WP(50) M 
Folpet N-(Trichloromethylthio)phthalimide WP(35) C 
Maneb [[1,2-Ethanediylbis[carbamodithioato]]-
(2-)]manganese 
WP(80) P 
Mancozeb Coordination product of zinc ion and maneb WP(80) H 
Metham-sodium Methylcarbamodithioic acid sodium salt WP(98) S 
Terrazole 5-Ethoxy-3-trichloromethy1-1,2,4-
thiadiazole 
L(95) 0 
Thiram Tetramethylthioperoxydicarbonic diamide WP(65) P 
^WP, wettable powder; L, liquid. Values in parentheses after MP 
indicate percentage (w/w) of active ingredient in formulation. Value in 
parentheses after L indicates grams of active ingredient per liter of 
formulation. 
^S, Stauffer Chemical Co., WestPort, CT, CA; M, Mobay Chemical Corp., 
Kansas City, MO; C, Chevron Chemical Co., San Francisco, CA; P, E. I. duPont 
de Nemours & Co., Inc., Wilmington, DE; H, Rohm and Haas Co., Philadelphia, 
PA; O, 01in Corp., Little Rock, AR. 
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material were placed in 65-mL glass bottles and treated with 
2 mL of water containing 10 mg of urea or with 2 mL of water 
containing 10 mg of urea and 5 or 250 jig of the fungicide 
under study. The bottles were then sealed with rubber 
stoppers covered with aluminum foil and placed in an 
incubator at 20°C for 1, 3 or 7 days. Urea in the incubated 
soil samples was extracted with 2M KCl containing 5 iig mL~^ 
phenylmercuric acetate as described by Douglas and Bremner 
(1970) and determined by the colorimetric method described by 
Mulvaney and Bremner (1979). Percentage inhibition of urea 
hydrolysis by the fungicide studied was calculated from 
(C-T)/C X 100, where T = amount of urea hydrolyzed in the 
soil sample treated with fungicide, and C = amount of urea 
hydrolyzed in the control (no fungicide added). 
The procedure used to determine the effects of the 
fungicides on nitrification of urea nitrogen in soil was as 
follows. Samples of field-moist soil containing 10 g of 
oven-dry material were placed in 250-mL French square bottles 
and treated with 2 mL of water containing 10 mg of urea, or 
with 2 mL of water containing 10 mg of urea and 10 or 500 j ig 
of the fungicide under study. The bottles were then sealed 
with rubber stoppers covered with aluminum foil and placed in 
an incubator at 20°C for 7, 14, or 21 days. The bottles were 
aerated at three-day intervals during incubation. After the 
times specified, duplicate bottles were removed from the 
incubator, and their contents were analyzed for ammonium-N 
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and nitrate-N by the steam-distillation methods described by 
Bremner and Keeney (1966) and for nitrite-N by the color-
imetric procedure described by Bremner (1965b). The amount 
of (nitrite + nitrate)-N produced during incubation was 
calculated from the results of analyses for (nitrite + 
nitrate)-N before and after incubation, and percentage 
inhibition of nitrification by the fungicide studied was 
calculated from (C-T)/C x 100, where T = amount of (nitrite + 
nitrate)-N produced in the soil sample treated with 
fungicide, and C = amount of (nitrite + nitrate)-N produced 
in the control (no fungicide added). 
All analyses and experiments reported were performed in 
duplicate or triplicate. Analysis of variance (ANOVA) and 
correlation analyses were performed using the Statistical 
Analysis System (SAS) on an IBM 360 computer. 
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RESULTS AND DISCUSSION 
The fungicide rates chosen for this work reflect 
recommended application rates (1 ^ g g"^ soil) and the 
expected build-up of fungicide in soil (50 j2g g~^ soil) if 
weekly fungicide applications are made as on golf greens 
(Mazur and Hughes, 1975). The golf green situation was 
studied because fungicides are applied to golf greens in 
relatively high amounts in conjunction with urea fertilizers. 
Tables 21 and 22 show the data obtained in studies of 
the effects of 1 and 50 jug g~^ soil of nine nonsulfur 
fungicides on hydrolysis of urea in soil. Table 21 shows 
that when these fungicides were applied at the rate of l pg 
g~^ soil, none of them retarded urea hydrolysis in the two 
fine-textured soils (Webster and Harps), but three 
(anilazine, benomyl and chloranil) retarded urea hydrolysis 
in the two coarse-textured soils (Buckney and Dickinson). 
Table 22 shows that when the nine nonsulfur fungicides were 
applied at 50 pg g~^ soil, three of them (anilazine, benomyl 
and chloranil) retarded urea hydrolysis in three of the soils 
(Buckney, Dickinson and Harps) and two (anilazine and 
chloranil) retarded urea hydrolysis in all four of the soils 
used. Previous work by Bundy and Bremner (1973) showed that 
chloranil and other methyl and halogenated quinones were 
potent inhibitors of soil urease when applied at the rate of 
50 ]jg g~^ soil. 
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Table 21. Effects of 1 jjg g~l soil of nonsulfur fungicides 
on hydrolysis of urea added to soil& 
Soil 
Fungicide Buckney Dickinson Webster Harps 
Amount of urea hydrolyzed {jig g~^ soil)b 
None 648 288 816 1220 
Anilazine 622 (4) 273 (5) 816 1220 
Benomyl 629 (3) 271 (6) 814 1230 
Chloranil 596 (8) 282 (2) 815 1230 
Chloroneb 644 285 819 1220 
Chlorothalonil 646 287 810 1230 
Fenarimol 645 286 821 1220 
Iprodione 649 287 813 1220 
Metalaxyl 645 287 817 1220 
PCNB 644 288 819 1230 
®20°C, 24 hours, 2000 Jig urea g"^ soil. 
bvalue in parentheses indicates percentage inhibition of 
urea hydrolysis by fungicide. 
Tables 23 and 24 show the results obtained in studies of 
the effects of 1 and 50 jig g"^ soil of the eight sulfur 
fungicides tested on hydrolysis of urea in soil. When these 
fungicides were applied at the rate of 1 jig g~^ soil, four of 
them (captan, thiram, maneb and mancozeb) retarded urea 
hydrolysis in the two coarse-textured soils and one (maneb) 
retarded urea hydrolysis in all four of the soils used (Table 
23). When the sulfur fungicides were applied at the rate of 
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Table 22. Effects of 50 j ig soil of nonsulfur fungicides 
on hydrolysis of urea added to soil® 
Time Soil 
Fungicide (days) Buckney Dickinson Webster Harps 
% Inhibition of urea hydrolysis mm ^  ^ mm 
Anilazine 1 20 37 7 13 
3 18 0 0 0 
7 0 0 0 0 
Benomyl 1 24 43 10 0 
3 15 4 0 0 
7 0 0 0 0 
Chloranil 1 46 54 22 19 
3 42 51 14 6 
7 15 49 0 0 
Chloroneb 1 0 0 0 0 
3 0 0 0 0 
7 0 0 0 0 
Chloro- 1 0 0 0 0 
thalonil 3 0 0 0 0 
7 0 0 0 0 
Fenarimol 1 0 0 0 0 
3 0 0 0 0 
7 0 0 0 0 
Iprodione 1 0 0 0 0 
3 0 0 0 0 
7 0 0 0 0 
Metalaxyl 1 0 27 0 0 
3 0 0 0 0 
7 0 0 0 0 
PCNB 1 0 0 0 0 
3 0 0 0 0 
7 0 0 0 0 
a20Oc, 2000 /jg urea g~l soil. 
50 pg g"^ soil, all except metham-sodium and terrazole 
retarded urea hydrolysis in all four of the soils used (Table 
24) and metham-sodium retarded urea hydrolysis in three of 
these soils, but terrazole had no effect on urea hydrolysis. 
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Table 23. Effects of 1 j ig g""l soil of sulfur fungicides 
on hydrolysis of urea added to soil^ 
Soil 
Fungicide Buckney Dickinson Webster Harps 
Amount of urea hydrolyzed (Azg g~ soil)b 
None 648 288 816 1220 
Captan 570 (12) 259 (10) 816 1220 
Fenaminosulf 649 271 814 1230 
Folpet 646 252 815 1230 
Maneb 486 (25) 253 (12) 743 (9) 1120 (8) 
Mancozeb 544 (16) 259 (10) 710 (13) 1230 
Metham-sodium 645 286 821 1220 
Terrazole 649 287 813 1220 
Thiram 486 (25) 259 (10) 775 (5) 1220 
^20°C, 24 hours, 2000 ]2g urea g"^ soil. 
bvalue in parentheses indicates percentage inhibition of 
urea hydrolysis by fungicide. 
Tables 25 and 26 show the results obtained in studies 
of the effects of 1 and 50 jug g~^ soil of the nine nonsulfur 
fungicides on nitrification of urea nitrogen in the four 
soils used. The data reported show that these fungicides had 
no effect on nitrification of urea in the two fine-textured 
soils when applied at the rate of 1 pg g~^ soil, but that 
three of them (anilazine, chloranil and metalaxyl) retarded 
nitrification of urea nitrogen in the coarse-textured soils 
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Table 24. Effects of 50 jjg g~l soil of sulfur fungicides 
on hydrolysis of urea added to soil& 
Time Soil 
Fungicide (days) Buckney Dickinson Webster Harps 
% Inhibition of urea hydrolysis mm tm 
Captan 1 52 48 17 33 
49 44 15 3 
7 12 35 0 0 
Fenaminosulf 1 21 8 12 7 
12 7 2 0 
7 0 0 0 0 
Folpet 1 48 43 20 16 
15 41 8 1 
7 0 20 0 0 
Maneb 1 78 58 39 48 
59 56 37 17 
7 40 45 3 0 
Mancozeb 1 60 56 42 36 
48 54 40 24 
7 36 49 5 0 
Metham-sodium 1 11 25 6 0 
10 17 0 0 
7 0 0 0 0 
Terrazole 1 0 0 0 0 
0 0 0 0 
7 0 0 0 0 
Thiram 1 65 55 33 35 
28 51 26 3 
7 25 46 0 0 
®20°C, 2000 pg urea g~l soil. 
when applied at this rate (Table 25). When the nonsulfur 
fungicides were applied at the rate of 50 jig g"^ soil, all 
except chloroneb, fenarimol and iprodione retarded 
nitrification in the two coarse-textured soils, but only 
chloranil, chlorothalonil and metalaxyl retarded nitrifi­
cation of urea nitrogen in all four of the soils used 
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Table 25. Effects of l jzg g~l soil of nonsulfur fungicides 
on nitrification of urea nitrogen in soil^ 
Time Soil 
Fungicide (days) Buckney Dickinson Webster Harps 
% Inhibition of nitrification — " — 
Anilazine 7 30 18 0 0 
14 16 16 0 0 
21 0 0 0 0 
Benomyl 7 0 0 0 0 
14 0 0 0 0 
21 0 0 0 0 
Chloranil 7 60 57 0 0 
14 5 0 0 0 
21 0 0 0 0 
Chloroneb 7 0 0 0 0 
14 0 0 0 0 
21 0 0 0 0 
Chlorothalonil 7 0 0 0 0 
14 0 0 0 0 
21 0 0 0 0 
Fenarimol 7 0 0 0 0 
14 0 0 0 0 
21 0 0 0 0 
Iprodione 7 0 0 0 0 
14 0 0 0 0 
21 0 0 0 0 
Metalaxyl 7 60 29 0 0 
14 0 0 0 0 
21 0 0 0 0 
PCNB 7 30 0 0 0 
14 0 0 0 0 
21 0 0 0 0 
^20OC, 
(Table 26). 
1000 jug urea g-l soil. 
Tables 27 and 28 show the results obtained in studies of 
the effects of l and 50 jjg g~^ soil of the eight sulfur 
fungicides on nitrification of urea nitrogen in the four 
soils used. The data reported show that, when the sulfur 
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Table 26. Effects of 50 jug g~l soil of nonsulfur fungicides 
on nitrification of urea nitrogen in soil® 
Time Soil 
Fungicide (days) Buckney Dickinson Webster Harps 
% Inhibition of nitrification 
Anilazine 7 65 50 5 0 
14 20 38 0 0 
21 0 20 0 0 
Benomyl 7 20 38 2 0 
14 16 25 0 0 
21 0 18 0 0 
Chloranil 7 70 80 9 16 
14 10 65 2 4 
21 5 50 0 0 
Chloroneb 7 0 0 0 0 
14 0 0 0 0 
21 0 0 0 0 
Chlorothalonil 7 90 70 15 10 
14 35 20 7 0 
21 0 0 0 0 
Fenarimol 7 0 0 0 0 
14 0 0 0 0 
21 0 0 0 0 
Iprodione 7 0 0 0 0 
14 0 0 0 0 
21 0 0 0 0 
Metalaxyl 7 90 90 22 99 
14 93 90 8 99 
21 93 90 3 93 
PCNB 7 50 63 8 0 
14 26 20 0 0 
21 0 10 0 0 
®20°C, 1000 }ig urea g~l soil. 
fungicides were applied at the rate of 1 j ig g~^ soil, all of 
them retarded nitrification of urea nitrogen in the two 
coarse-textured soils, but only terrazole effectively 
retarded nitrification of urea nitrogen in all four of the 
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Table 27. Effects of 1 j ig g"^ soil of sulfur fungicides 
on nitrification of urea nitrogen in soil& 
Time Soil 
Fungicide (days) Buckney Dickinson Webster Harps 
—— % Inhibition of nitrification 
Captan 7 43 29 0 0 
14 40 0 0 0 
21 6 0 0 0 
Fenaminosulf 7 60 57 0 0 
14 57 0 0 0 
21 5 0 0 0 
Folpet 7 67 57 0 0 
14 40 5 0 0 
21 0 0 0 0 
Maneb 7 40 44 20 0 
14 31 29 0 0 
21 0 20 0 0 
Mancozeb 7 40 43 0 0 
14 35 29 0 0 
21 0 10 0 0 
Metham- 7 50 30 0 0 
sodium 14 31 5 0 0 
21 0 0 0 0 
Terrazole 7 100 93 73 76 
14 100 93 64 64 
21 99 94 20 13 
Thiram 7 83 20 0 0 
14 60 0 0 0 
21 7 0 0 0 
^20°C, 1000 ^ zg urea g"^ soil. 
soils used (Table 27). When the eight sulfur fungicides were 
applied at the rate of 50 jig g~^ soil, all effectively 
retarded nitrification of urea nitrogen in the four soils 
used (Table 28). It was anticipated that terrazole would 
markedly inhibit nitrification of urea nitrogen because the 
active ingredient in this fungicide (etridiazole) is the 
\ 
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Table 28. Effects of 50 j jg g"! soil of sulfur fungicides 
on nitrification of urea nitrogen in soil& 
Time Soil 
Fungicide (days) Buckney Dickinson Webster Harps 
% Inhibition of nitrification 
Captan 7 90 90 84 80 
14 88 90 32 54 
21 87 90 19 9 
Fenaminosulf 7 90 63 53 71 
14 87 60 15 45 
21 37 60 13 19 
Folpet 7 90 90 73 88 
14 70 75 26 53 
21 55 72 3 11 
Maneb 7 100 95 96 100 
14 100 95 91 100 
21 100 94 90 98 
Mancozeb 7 100 90 98 100 
14 100 90 96 100 
21 100 90 93 98 
Metham-sodium 7 100 95 84 100 
14 100 90 76 97 
21 100 90 51 58 
Terrazole 7 100 100 96 100 
14 100 100 96 100 
21 100 100 95 100 
Thiram 7 100 95 77 100 
14 100 90 64 100 
21 100 90 57 93 
^20°C, 1000 Tig urea g~l soil. 
active ingredient in the patented soil nitrification 
inhibitor Dwell (Olin Corp., Little Rock, AR). Maneb, 
mancozeb, metham-sodium and thiram were as effective as 
terrazole for retarding nitrification of urea nitrogen in the 
four soils used when they were applied at the rate of 50 j ig 
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g"^  soil (Table 28), but terrazole was the most effective 
fungicide for retarding nitrification of urea nitrogen when 
applied at the rate of 1 jiq g"^ soil (Table 27) . 
The effects of 1 and 50 pg g~^ soil of several nonsulfur 
and sulfur fungicides on the recovery of urea nitrogen as 
urea, ammonium, nitrite and nitrate after incubation of the 
Buckney soil with urea at 20°C for 21 days are shown in Table 
29. The data for the Buckney soil are reported because the 
inhibitory effects of the fungicides on nitrification of urea 
nitrogen were more pronounced with the Buckney soil than with 
the other soils used. Nitrification has been defined by the 
Soil Science Society of America (1978) as "biological 
oxidation of ammonium to nitrite and nitrate". Table 29 
shows that although most of the recoveries of urea-N as 
(nitrite + nitrate)-N in the fungicide-treated soils were 
almost identical to those observed with the control soil (no 
fungicide added), some of the fungicides caused a substancial 
accumulation of urea nitrogen as nitrite. Nitrite 
accumulation was evident even when the fungicides were 
applied at the rate of l ]iq g~^ soil. Nitrite accumulation 
in soils treated with urea is common. Aleem and Alexander 
(1960) found that ammonia nitrogen coupled with high pH 
suppressed oxidation of nitrite by cultures of Nltrobacter. 
The presence of high levels of ammonia and high pH's found 
with use of urea fertilizer can explain the nitrite 
accumulation in the control soil (no fungicide added), but 
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Table 29. Comparison of effects of 1 and 50 j2g g~l soil of 
nonsulfur and sulfur fungicides on recovery of 
urea-N in different forms after incubation of a 
urea-treated Buckney soil at 20°C for 21 days^ 
Fungicide 
Amount added Recovery of urea-N (%) 
(jig g"l soil) As urea As NH4+ As NO2 - As NO3-
None 0 6 31 54 
Nonsulfur fungicides 
Anilazine 1 0 6 32 54 
Anilazine 50 0 5 75 10 
Benomyl 1 0 4 52 34 
Benomyl 50 0 5 73 15 
Metalaxyl 1 0 6 74 11 
Metalaxyl 50 0 75 3 3 
PCNB 1 0 6 77 7 
PCNB 50 0 7 78 6 
Sulfur fungicides 
Captan 1 0 4 73 15 
Captan 50 0 71 5 6 
Maneb 1 0 4 74 14 
Maneb 50 0 82 0 0 
Mancozeb 1 0 2 80 7 
Mancozeb 50 0 83 0 0 
Thiram 1 0 15 61 14 
Thiram 50 20 62 0 0 
&1000 j jg urea g~l soil. 
very little information is available on the effects of 
pesticides on nitrite accumulation. Mayeux and Colmer (1962) 
found that the herbicide dalapon was more toxic to cultured 
populations of Nitrobacter if present in the lag growth phase 
than if added during log growth phase. Winely and San 
Clemente (1971) found that the herbicide EPTC exerted an 
uncoupling effect on oxidative phosphorylation by Nitrobacter 
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and when applied at higher levels, also inhibited nitrite 
oxidase, the cytochrome-electron transport particle 
responsible for transfer of electrons from nitrite to 
molecular oxygen. The mode of inhibition of fungicides or 
other pesticides on nitrite oxidation is unknown, but the 
high levels of nitrite found with use of certain fungicides 
is important due to the toxic nature of nitrite to many plant 
species. The data reported in Table 29 also show that the 
recovery of urea-N as (urea + NH^ i-NOg + NOg)-N observed with 
the fungicide-treated soils were markedly lower than the 
corresponding recovery of urea-N with the control soil (no 
fungicide added). This can be explained by the inhibitory 
effects of the fungicides on nitrification of urea N because 
previous work by Bundy and Bremner (1974) showed that 
nitrification inhibitors can increase gaseous loss of urea 
nitrogen as ammonia from soil treated with urea. 
The results obtained in studies of the effects of 50 ^g 
g~^ soil of the 17 fungicides tested on nitrification of urea 
nitrogen in four diverse surface soils incubated at 20°C for 
7, 14 or 21 days (Tables 26 and 28) after treatment with urea 
were statistically analyzed by the one way analysis of 
variance (ANOVA) and were statistically analyzed for 
relationships between the effects of fungicides on 
nitrification of urea nitrogen and the properties listed in 
Table 18. The one way analysis of variance (ANOVA) evaluated 
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the contribution of the fungicides applied, soil type, 
incubation time and the interactions of these three factors 
on inhibition of nitrification of urea nitrogen in the soils 
used. This analysis showed that in contrast to the ANOVA 
data presented in Parts I and II, differences between 
fungicides applied were more significant than differences 
between the soil types or the incubation time periods. This 
can be accounted for by the toxic effect of most of the 
fungicides applied on nitrification of urea nitrogen in all 
four of the soils used. Simple correlation analyses showed 
that the percentage inhibition of nitrification of urea 
nitrogen in the soils used was correlated with organic C 
content (r = -0.83**), sand, silt and clay content 
(r = 0.82**, -0.79**, and -0.84**, respectively) and 
cation-exchange capacity (r = -0.76*), but was not 
significantly correlated with soil pH, total N content, 
calcium carbonate equivalent or urease activity. The ANOVA 
and correlation analyses suggest that organic matter content 
and soil texture are the most significant soil factors 
regulating inhibition of nitrification of urea nitrogen by 
the fungicides, and that soils with low organic matter 
and(or) high sand content may be subject to increased urea 
nitrogen losses due to misapplication of fungicides, but the 
toxic effects of the fungicides on nitrification of urea 
nitrogen were evident in all four of the soils used. 
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To summarize, when the 17 fungicides were applied at the 
rate of 1 jig g""^ soil, seven of them (anilazine, benomyl, 
captan, chloranil, maneb, mancozeb and thiram) retarded urea 
hydrolysis in the two coarse-textured soils and one (maneb) 
retarded urea hydrolysis in all four of the soils used. When 
applied at the same rate, three of the nonsulfur fungicides 
(anilazine, chloranil and metalaxyl) and all eight of the 
sulfur fungicides retarded nitrification of urea nitrogen in 
the two coarse-textured soils, and terrazole retarded 
nitrification of urea nitrogen in all four of the soils used. 
When the fungicides were applied at the rate of 50 jig g"^  
soil, two of the nonsulfur fungicides (anilazine and 
chloranil) and all of the sulfur fungicides except 
metham-sodium and terrazole retarded urea hydrolysis in all 
four of the soils used. When applied at the same rate, three 
of the nonsulfur fungicides (chloranil, chlorothalonil and 
metalaxyl) and all eight of the sulfur fungicides markedly 
retarded nitrification of urea nitrogen in all four of the 
soils used. 
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SUMMARY 
The influence of nine nonsulfur and eight sulfur 
fungicides on hydrolysis of urea and nitrification of urea 
nitrogen in soil was studied by determining the effects of 1 
and 50 ]xq g"^ soil of each fungicide on the amounts of urea 
hydrolyzed and the amounts of nitrite and nitrate produced 
when samples of two coarse-textured and two fine-textured 
soils were incubated aerobically at 20°C for various times 
after treatment with urea. The nine nonsulfur fungicides 
studied were anilazine, benomyl, chloranil, chloroneb, 
chlorothalonil, fenarimol, iprodione, metalaxyl and PCNB. 
The eight sulfur fungicides studied were captan, 
fenaminosulf, folpet, maneb, mancozeb, metham-sodium, 
terrazole and thiram. 
When the 17 fungicides tested were applied at the rate 
of 1 jug g~^ soil, seven of them (anilazine, benomyl, captan, 
chloranil, maneb, mancozeb and thiram) retarded urea 
hydrolysis in the two coarse-textured soils and one (maneb) 
retarded urea hydrolysis in all four of the soils used. When 
applied at the same rate, three of the nonsulfur fungicides 
tested (anilazine, chloranil and metalaxyl) and all eight of 
the sulfur fungicides tested retarded nitrification of urea 
nitrogen in the two coarse-textured soils, but only terrazole 
retarded nitrification of urea nitrogen in all four of the 
soils used. 
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When the 17 fungicides were applied at the rate of 50 pg 
g"^ soil, eight of them (anilazine, captan, chloranil, 
fenaminosulf, folpet, maneb, mancozeb and thiram) retarded 
urea hydrolysis in all four of the soils used. When applied 
at the same rate, three of the nonsulfur fungicides 
(chloranil, chlorothalonil and metalaxyl) and all eight of 
the sulfur fungicides markedly retarded nitrification of urea 
nitrogen in all four of the soils used. The data indicated 
that fungicides have a high potential for increasing urea 
nitrogen losses and with proper management may help stabilize 
urea nitrogen when used in conjunction with urea fertilizers. 
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PART IV. EFFECTS OF INSECTICIDES ON TRANSFORMATIONS OF 
UREA NITROGEN IN SOIL 
V 
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INTRODUCTION 
Insecticides are now used extensively for crop 
protection. For example, in 1980 91% of the corn following 
corn hectares and 50% of the corn following soybean hectares 
in Iowa agriculture were treated with a soil insecticide. 
World use of urea as a nitrogen fertilizer has increased 
dramatically in recent years and urea is now the primary dry 
nitrogen fertilizer in world agriculture (Hignett, 1979). 
The intensive use of both soil-applied insecticides and urea 
nitrogen fertilizers in corn production has emphasized the 
need for information concerning the effects of insecticides 
on transformations of urea nitrogen in soil. Nitrification 
is one of the most pesticide-sensitive microbiological 
transformations (Parr, 1974), and numerous studies of the 
effects of pesticides on nitrification of ammonium in soil 
have been reported (Goring and Laskowski, 1982), but little 
is known about the effects of insecticides on transformations 
of urea nitrogen in soil. 
Lethbridge and Burns (1976) found that the organo-
phosphorus insecticides thimet, malathion and fenitrothion 
inhibited purified jack bean urease. They also found that 
these insecticides inhibited soil urease activity when they 
were applied at the rate of 1000 jjg g~^ soil, but had little 
effect on soil urease activity when they were applied at 
normal rates (Lethbridge and Burns, 1976). In other studies 
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of the effects of insecticides on transformations of urea 
nitrogen in soil, terbufos (Laveglia and Dahm, 1974), 
carbofuran (Sahrawat, 1979a, Biddappa et al., 1980), diazinon 
and phorate (Biddappa et al., 1980) were found to have no 
significant effect on hydrolysis of urea and(or) 
nitrification of urea nitrogen in soil, but Lethbridge and 
Burns (1976) and Sahrawat (1979b) found that phorate, 
malathion, fenitrothion and parathion inhibited both urea 
hydrolysis and nitrification of urea nitrogen when they were 
applied at the rate of 50 jig g"^ soil, and they concluded 
that timing and application of organophosphorus insecticides 
may have a significant effect on the rate and amount of urea 
fertilizer transformations in soil. 
My purpose in the work reported here was to determine 
the effects of 15 insecticides on urea hydrolysis and 
nitrification of urea nitrogen in soil. The six 
nonphosphorus insecticides used were aldicarb, carbaryl, 
carbofuran, fenvalerate, lindane and trimethacarb. The nine 
organophosphorus insecticides studied were chlorpyrifos, 
diazinon, ethoprop, fenitrothion, fonofos, isofenfos, 
malathion, phorate and terbufos. The insecticides studied 
are commonly used for control of a variety of soil and plant 
vectors in a wide range of crops. 
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MATERIALS AND METHODS 
The four soils used (Table 30) were surface (0-15 cm) 
samples of soils selected to obtain a range in pH (6.0-8.1), 
texture (14-80% sand, 8-42% clay) and organic-matter content 
(0.4-4.2% organic C). Before use, each sample was sieved in 
the field-moist condition to pass through a 2 mm screen. In 
the analyses reported in Table 30, pH, CaCOg equivalent, 
organic C, urease activity and texture were determined as 
described by Zantua and Bremner (1975). Total nitrogen was 
determined by a semi-microKjeldahl procedure (Bremner, 1965a) 
and cation-exchange capacity was determined as described by 
Keeney and Bremner (1969). The organic C, CaCOg equivalent 
and cation-exchange capacity analyses were performed on <0.14 
mm soil. The other analyses reported were performed on <2 mm 
soil. 
To simplify the presentation of results, the 15 
insecticides studied have been classified as nonphosphorus 
and phosphorus insecticides. The names, formulations and 
sources of the six nonphosphorus and nine phosphorus insect­
icides studied are reported in Tables 31 and 32, 
respectively. Other chemicals used were obtained from Fisher 
Scientific Co., Itasca, Illinois. 
To determine the effects of the 15 insecticides on 
hydrolysis of urea in soil, samples of field-moist soil 
containing 5 g of oven-dry material were placed in 65-mL 
Table 30. Analyses of soils 
Soil Organic Total Urease 
Series Subgroup pH C N Sand Silt Clay CCE^ CEC^ activity^ 
Buckney Entic Hapludoll 8.1 0.4 0.05 
— % -
80 12 8 30 4 27 
Dickinson Typic Hapludoll 6.0 1.2 0.13 74 18 8 0 9 12 
Webster Typic Haplaquoll 7.3 3.3 0.23 33 34 33 1 20 34 
Harps Typic Calciaquoll 7.7 4.2 0.47 14 44 42 23 29 51 
^CaCOg equivalent. 
^Cation-exchange capacity [cMole(NH^'^) kg"^ soil]. 
^Determined by the nonbuffer method of Zantua and Bremner (1975). Expressed 
as jiq urea hydrolyzed h~^ g"^ soil (37°C). 
Table 31. Nonphosphorus insecticides studied 
Common name Chemical name Formulation^ Source^ 
Aldicarb 
Carbaryl 
Carbofuran 
Fenvalerate 
Lindane 
Trimethacarb 
2-Methyl-2-(methylthio)propanal O- G(15) U 
[(methylamino)carbonyl]oxime 
1-Naphthalenol methylcarbamate WP(80) C 
2,3-Dihydro-2,2-dimethyl-7-benzofuranol G(10) F 
methylcarbamate 
4-Chloro-C(- ( i-methylethyl) benzeneacetic acid L(290) S 
cyano(3-phenoxyphenyl)methyl ester 
Gamma isomer of 1,2,3,4,5,6-hexachloro- EC(192) C 
cyclohexane 
3 ; 4,5-TrimethyIphenylmethylcarbamate G(15) U 
and 2,3,5-trimethyIphenylmethyl 
carbamate (3%) 
^G, granule; WP, wettable powder; L, liquid; EC, emulsifiable concentrate. 
Values in parentheses after G and WP indicate percentage (w/w) of active 
ingredient in formulation. Values in parentheses after L and EC indicate 
grams of active ingredient per liter of formulation. 
^U, Union Carbide Corp., Research Triangle Park, NC; C, Chevron Chemical 
Co., San Francisco, CA; F, FMC Corp., Middleport, NY; S, Shell Chemical Co., 
Houston, TX. 
Table 32. Organophosphorus insecticides studied 
Common name Chemical name Formulation^ Source^ 
Chlorpyrifos Phosphorothioic acid 0,0-diethyl 0-(3,5,6-
trichloro-2-pyridinyl) ester 
G(15) D 
Diazinon Phosphorothioic acid 0,0-diethyl 0-[6-methyl-
2-(1-methylethy1)-4-pyrimidiny1] ester 
G(14) G 
Ethoprop Phosphorodithioic acid 0-ethyl S,S-dipropyl ester G(15) R 
Fenitrothion Phosphorothioic acid 0,0-dimethyl 0-(3-
methy1-4-nitropheny1) ester 
EC(960) S 
Fonofos Ethylphosphonodithioic acid 0-ethyl S-phenyl ester G(20) S 
Isofenfos 2-t[Ethoxyt(1-methylethyl)amino]phosphino-
thioyl]oxy]benzoic acid 1-methylethyl ester 
G(20) M 
Malathion [(Dimethoxyphosphinothioyl)thio]butanedioic 
acid diethyl ester 
EC(530) C 
Phorate Phosphorodithioic acid 0,0-diethyl S-[(ethyl-
thio)methyl] ester 
G(15) A 
Terbufos Phosphorodithioic acid S-[[(1,1-dimethyl-
ethyl) thio]methyl] 0,0-diethyl ester 
G(15) A 
granule; EC, emulsifiable concentrate. Values in parentheses after 
G indicate percentage (w/w) of active ingredient in formulation. Values in 
parentheses after EC indicate grams of active ingredient per liter of formulation. 
^D, Dow Chemical, U.S.A., Midland, MI; G, Ciba Geigy Corp., Greensboro, NC; 
R, Rhone-Poulenc, Inc., Monmouth, NJ; S, Stauffer Chemical Co., Westport, 
CT; M, Mobay Chemical Corp., Kansas City, MO; C, Chevron Chemical Co., 
San Francisco, CA; A, American Cyanamide Co., Princeton, NJ. 
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glass bottles and treated with 2 mL of water containing 10 mg 
of urea or with 2 mL of water containing 10 mg of urea and 25 
or 250 pg of the insecticide under study. The bottles were 
then sealed with rubber stoppers covered with aluminum foil 
and placed in an incubator at 20°C for 24 hours. Urea in the 
incubated soil samples was extracted with 2M KCl containing 5 
pg mL~^ phenylmercuric acetate as described by Douglas and 
Bremner (1970) and determined by the colorimetric method 
described by Mulvaney and Bremner (1979). Percentage 
inhibition of urea hydrolysis by the insecticide studied was 
calculated from (C-T)/C x 100, where T = amount of urea 
hydrolyzed in the soil sample treated with insecticide, and 
C = amount of urea hydrolyzed in the control (no insecticide 
added). 
To determine the effects of the insecticides on 
nitrification of urea nitrogen in soil, samples of field-
moist soil containing 10 g of oven-dry material were placed 
in 250-mL French square bottles and treated with 2 mL of 
water containing 10 mg of urea, or with 2 mL of water 
containing 10 mg of urea and SO or 500 jug of the insecticide 
under study. The bottles were then sealed with rubber stop­
pers covered with aluminum foil and placed in an incubator at 
20°C for 7, 14 or 21 days. The bottles were aerated at 
three-day intervals during incubation. After the times 
specified, duplicate bottles were removed from the incubator 
and their contents were analyzed for ammonium-N and nitrate-N 
V 
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by the steam-distillation methods described by Bremner and 
Keeney (1966) and for nitrite-N by the colorimetric procedure 
described by Bremner (1965b). The amount of (nitrite + 
nitrate)-N produced during incubation was calculated from the 
results of analyses for (nitrite + nitrate)-N before and 
after incubation, and percentage inhibition of nitrification 
by the insecticide studied was calculated from (C-T)/C x 100, 
where T = amount of (nitrite + nitrate)-N produced in the 
soil sample treated with insecticide, and C = amount of 
(nitrite + nitrate)-N produced in the control (no insecticide 
added). 
All analyses and experiments reported were performed in 
duplicate or triplicate. Analysis of variance (ANOVA) and 
correlation analyses were performed using the Statistical 
Analysis System (SAS) on an IBM 360 computer. 
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RESULTS AND DISCUSSION 
When insecticides are broadcast or banded, their 
concentrations in soil exceed those observed when they are 
thoroughly incorporated after application. The insecticide 
treatment rates chosen for the work reported here reflect 
broadcast insecticide rates (5 pg g~^ soil) and banded 
insecticide rates (50 jig g"^ soil) . 
When the 15 insecticides tested were applied at the rate 
of 5 jiq g~^ soil, none of them retarded urea hydrolysis in 
the four soils used. The results obtained when they were 
applied at the rate of 50 jjg g~^ soil are reported in Table 
33 (nonphosphorus insecticides) and Table 34 (phosphorus 
insecticides). The data reported in Table 33 show that when 
the nonphosphorus insecticides were applied at the rate of 50 
pg g~^ soil, none of them retarded urea hydrolysis in the two 
fine-textured soils (Webster and Harps), but all of them 
retarded urea hydrolysis in at least one of the two 
coarse-textured soils (Buckney and Dickinson), and two of 
them (lindane and carbaryl) retarded urea hydrolysis in both 
of these soils. When the organophosphorus insecticides were 
applied at the rate of 50 jjg g~^ soil, none of them retarded 
urea hydrolysis in the two fine-textured soils, but four 
(ethoprop, fenitrothion, fonofos and isofenfos) retarded 
hydrolysis of urea in the two coarse-textured soils (Table 
34). 
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Table 33. Effects of 50 jug g~l soil of nonphosphorus 
insecticides on hydrolysis of urea added to soil^ 
Soil 
Insecticide Buckney Dickinson Webster Harps 
Amount of urea hydrolyzed (pg g~^ soil)b 
None 648 288 816 1220 
Aldicarb 311 (52) 287 816 1220 
Carbaryl 479 (26) 222 (23) 814 1230 
Carbofuran 645 254 (12) 815 1220 
Fenvalerate 646 218 (22) 819 1220 
Lindane 460 (29) 276 (4) 810 1230 
Trimethacarb 645 118 (59) 821 1220 
^20°C, 24 hours, 2000 jig urea g~^ soil. 
Walue in parentheses indicates percentage inhibition of 
urea hydrolysis by herbicide. 
Tables 35 and 36 show the results obtained in studies of 
the effects of 5 and 50 pig g~^ soil of the six nonphosphorus 
insecticides tested on nitrification of urea nitrogen in 
soil. The data reported in Table 35 show that when these 
insecticides were applied at the rate of 5 }jg g~^ soil, none 
of them retarded nitrification of urea nitrogen in the 
fine-textured soils, but all of them retarded nitrification 
of urea nitrogen in one of the two coarse-textured soils 
(Buckney), and carbaryl, lindane and trimethacarb retarded 
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Table 34. Effects of 50 /ig g~l soil of organophosphorus 
insecticides on hydrolysis of urea added to soil& 
Soil 
Insecticide Buckney Dickinson Webster Harps 
Amount of urea hydrolyzed (pg g" soil)b 
None 648 288 816 1220 
Chlorpyrifos 647 286 816 1220 
Diazinon 646 287 814 1230 
Ethoprop 610 (6) 275 (6) 815 1220 
Fenitrothion 600 (8) 216 (24) 819 1220 
Fonofos 460 (29) 276 (4) 810 1230 
Isofenfos 292 (55) 250 (13) 821 1220 
Malathion 609 (6) 287 813 1220 
Phorate 615 (4) 287 817 1220 
Terbufos 644 288 819 1230 
^20°C, 24 hours, 2000 jig urea g~^ soil. 
bvalue in parentheses indicates percentage inhibition of 
urea hydrolysis by herbicide. 
nitrification of urea nitrogen in both of these soils. When 
the six nonphosphorus insecticides were applied at the rate 
of 50 jjg g~^ soil, all of them retarded nitrification of urea 
nitrogen in the two coarse-textured soils, but only carbaryl 
and lindane retarded nitrification of urea nitrogen in all 
four of the soils used (Table 36). 
When the nine organophosphorus insecticides tested were 
V 
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Table 35. Effects of 5 jig g"l soil of nonphosphorus 
insecticides on nitrification of urea nitrogen 
in soil® 
Time Soil 
Insecticide (days) Buckney Dickinson Webster Harps 
% Inhibition of nitrification 
Aldicarb 7 15 0 0 0 
14 0 0 0 0 
21 0 0 0 0 
Carbaryl 7 25 10 0 0 
14 10 0 0 0 
21 0 0 0 0 
Carbofuran 7 5 0 0 0 
14 0 0 0 0 
21 0 0 0 0 
Fenvalerate 7 25 0 0 0 
14 0 0 0 0 
21 0 0 0 0 
Lindane 7 15 18 0 0 
14 7 0 0 0 
21 2 0 0 0 
Trimethacarb 7 70 10 0 0 
14 25 0 0 0 
21 11 0 0 0 
^20°C, 1000 pg urea g"^ soil. 
applied at the rate of 5 jig g"^ soil, none of them retarded 
nitrification of urea nitrogen in the two fine-textured 
soils, but five (diazinon, fenitrothion, isofenfos, phorate 
and terbufos) retarded nitrification of urea nitrogen in at 
least one of the two coarse-textured soils, and diazinon and 
fenitrothion retarded nitrification of urea nitrogen in both 
of these soils (Table 37). 
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Table 36. Effects of 50 }jg g~l soil of nonphosphorus 
insecticides on nitrification of urea nitrogen 
in soil& 
Time Soil 
Insecticide (days) Buckney Dickinson Webster Harps 
% Inhibition of nitrification 
Aldicarb 7 100 25 0 0 
14 66 21 0 0 
21 57 6 0 0 
Carbaryl 7 100 75 7 15 
14 100 68 3 9 
21 23 51 0 0 
Carbofuran 7 79 26 3 0 
14 52 14 0 0 
21 21 8 0 0 
Fenvalerate 7 67 51 0 0 
14 53 40 0 0 
21 27 5 0 0 
Lindane 7 100 60 25 34 
14 56 43 13 31 
21 21 25 11 9 
Trimethacarb 7 100 69 25 0 
14 56 63 0 0 
21 17 26 0 0 
^20°C, 1000 }jq urea g"^ soil. 
When the organophosphorus insecticides were applied at 
the rate of 50 jag g"^ soil, all of them retarded 
nitrification of urea nitrogen in the two coarse-textured 
soils, and five of them (diazinon, ethoprop, fenitrothion, 
malathion and phorate) retarded nitrification of urea 
nitrogen in all four of the soils used (Table 38). 
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Table 37. Effects of 5 jug g"l soil of organophosphorus 
insecticides on nitrification of urea nitrogen 
in soil® 
Time Soil 
Insecticide (days) Buckney Dickinson Webster Harps 
% Inhibition of nitrification 
Chlorpyrifos 7 0 0 0 0 
14 0 0 0 0 
21 0 0 0 0 
Diazinon 7 30 12 0 0 
14 12 10 0 0 
21 0 0 0 0 
Ethoprop 7 0 20 0 0 
14 0 0 0 0 
21 0 0 0 0 
Fenitrothion 7 32 13 0 0 
14 21 0 0 0 
21 5 0 0 0 
Fonofos 7 0 0 0 0 
14 0 0 0 0 
21 0 0 0 0 
Isofenfos 7 21 0 0 0 
14 10 0 0 0 
21 0 0 0 0 
Malathion 7 0 0 0 0 
14 0 0 0 0 
21 0 0 0 0 
Phorate 7 30 0 0 0 
14 20 0 0 0 
21 0 0 0 0 
Terbufos 7 50 0 0 0 
14 42 0 0 0 
21 15 0 0 0 
®20°C, a 
o
 
o
 
o
 
H
 urea g"^ soil. 
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Table 38. Effects of 50 jzg g~l soil of organophosphorus 
insecticides on nitrification of urea nitrogen 
in soiia 
Time Soil 
Insecticide (days) Buckney Dickinson Webster Harps 
-— % Inhibition of nitrification 
Chlorpyrifos 7 100 16 0 0 
14 36 14 0 0 
21 19 8 0 0 
Diazinon 7 60 80 11 10 
14 30 63 3 9 
21 20 20 0 0 
Ethoprop 7 100 79 20 15 
14 90 75 0 12 
21 20 20 0 0 
Fenitrothion 7 100 99 62 52 
14 100 85 41 47 
21 96 81 11 30 
Fonofos 7 90 25 0 0 
14 25 9 0 0 
21 0 3 0 0 
Isofenfos 7 60 15 0 0 
14 39 7 0 0 
21 10 3 0 0 
Malathion 7 99 17 10 9 
14 27 9 5 2 
21 0 6 2 0 
Phorate 7 100 35 5 31 
14 80 22 3 12 
21 15 10 0 0 
Terbufos 7 100 56 0 6 
14 96 43 0 0 
21 80 20 0 0 
a2oOc, 1000 jLig urea g~l soil. 
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The results obtained in studies of the effects of 
50 pg g~^ soil of the 15 insecticides tested on nitrification 
of urea nitrogen in four diverse surface soils incubated at 
20°C for 7, 14 or 21 days (Tables 37 and 38) after treatment 
with urea were statistically analyzed by the one way analysis 
of variance (ANOVA) and were statistically analyzed for 
relationships between the effects of insecticides on 
nitrification of urea nitrogen and the soil properties listed 
in Table 30. The one way analysis of variance (ANOVA) 
evaluated the contribution of the insecticides applied, soil 
type, incubation time and the interactions of these three 
factors on inhibition of nitrification of urea nitrogen in 
the soils used. This analysis showed that differences 
between soil types were more significant than differences 
between the insecticides applied or the incubation times. 
Simple correlation analyses showed that the percentage 
inhibition of nitrification of urea nitrogen in the soils 
used was correlated with organic C content (r = -0.95***), 
total N content (r = -0.85**), sand, silt and clay content 
(r = 0.92**, -0.93**, and -0.90**, respectively) and 
cation-exchange capacity (r = -0.93**), but was net 
significantly correlated with soil pH, calcium carbonate 
equivalent or urease activity. The ANOVA and correlation 
analyses suggest that organic matter content and soil texture 
are the most significant soil factors regulating inhibition 
of nitrification of urea nitrogen, and that soils with low 
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organic matter and(or) high sand content may be subject to 
increased urea nitrogen losses due to misapplication of 
insecticides. 
In summary, when the 15 insecticides tested were applied 
at the rate of 5 jig g""^ soil, none of them retarded 
hydrolysis of urea in the four soils used, but all except 
chlorpyrifOS, ethoprop, fonofos and malathion retarded 
nitrification of urea nitrogen in at least one of the two 
coarse-textured soils. When the insecticides tested were 
applied at the rate of 50 jig g~^ soil, all except 
chlorpyrifOS, diazinon and terbufos retarded hydrolysis of 
urea in at least one of the two coarse-textured soils, and 
all of them retarded nitrification of urea nitrogen in both 
of these soils, but only fenitrothion and lindane markedly 
retarded nitrification of urea nitrogen in all four of the 
soils used. With the exception of fenitrothion, the data 
reported in my disseration did not confirm reports that 
application of organophosphorus insecticides would 
significantly determine the rate and amounts of urea 
fertilizer transformations in soil. 
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SUMMARY 
The influence of six nonphosphorus and nine organo-
phosphorus insecticides on hydrolysis of urea and 
nitrification of urea nitrogen in soil was studied by 
determining the effects of 5 and 50 ^ g g~^ soil of each 
insecticide on the amounts of urea hydrolyzed and the amounts 
of nitrite and nitrate produced when samples of two 
coarse-textured and two fine-textured soils were incubated 
aerobically at 20°C for various times after treatment with 
urea. The six nonphosphorus insecticides studied were 
aldicarb, carbaryl, carbofuran, fenvalerate, lindane and 
trimethacarb. The nine organophosphorus insecticides studied 
were chlorpyrifos, diazinon, ethoprop, fenitrothion, fonofos, 
isofenfos, malathion, phorate and terbufos. 
When the insecticides tested were applied at the rate of 
5 Jig g~^ soil, none retarded hydrolysis of urea in the four 
soils used or retarded nitrification of urea nitrogen in the 
two fine-textured soils, but all except chlorpyrifos, 
ethoprop, fonofos and malathion retarded nitrification of 
urea nitrogen in at least at least one of the coarse-textured 
soils. 
When the insecticides tested were applied at the rate of 
50 g~^ soil, all except chlorpyrifos, diazinon and 
terbufos retarded hydrolysis of urea in one of the two 
coarse-textured soils. When applied at the same rate, all 15 
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insecticides retarded nitrification of urea nitrogen in the 
two coarse-textured soils, but only fenitrothion and lindane 
markedly retarded nitrification of urea nitrogen in all four 
of the soils used. The data indicated that insecticides have 
a low potential for increasing urea nitrogen losses or 
stabilizing urea nitrogen when used in conduction with urea 
fertilizers. 
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GENERAL DISCUSSION 
Parr (1974) related that much current research is 
concerned with the fate of pesticides in soil and their 
effects on microorganisms, microbial activities and the 
environment, however, many of the reports of the effects of 
pesticides on nitrification of ammonium in soil appear to be 
in conflict. These nitrifying organisms (Nitrosomonas and 
Nitrobacter sp.) have shown an extreme sensitivity to some 
agricultural pesticides, and this toxic effect of a 
particular chemical varies greatly with the method of 
application, amount of chemical added and soil properties 
(Martin, 1963). The conflicting reports of the effects of 
agricultural pesticides on nitrification of ammonium in soil 
may be explained by interpreting the effects of the above 
factors and their interactions. 
Method of Pesticide application 
Many pesticides and other agricultural chemicals are 
sparingly soluble in water, and organic solvents (acetone, 
hexane, ethanol, etc.) have been used to apply such chemicals 
to soil for studies of their effects on transformations of 
nitrogen in soil. The validity of such studies is open to 
question since it is reasonable to expect that some solvent-
induced biological, physical and chemical disruptions do 
occur with the use of solvents that are not accounted for by 
the use of solvent controls. Lethbridge and Burns (1976) 
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found that the purity, concentration and length of contact 
time of a solvent (acetone) had dramatic and longlasting 
effects on one biological parameter, soil urease activity. 
In the work reported in my dissertation, commercial 
formulations of the 78 pesticides were used because the 
active ingredient of pesticides are field-applied in these 
formulations, but it should be borne in mind that some of the 
effects of pesticides on transformations of urea nitrogen in 
soil reported here may be caused by the commercial 
formulations. Ratnayake and Audus (1978) found that the 
formulated herbicide bromoxynil was more toxic to pure 
culture populations and soil populations of nitrifiers than 
technical-grade bromoxynil, and they concluded that this 
toxicity was due to an unknown formulation component. 
Further research is needed to determine the effects of 
organic solvents, detergents and surfactants used in 
formulating pesticides for commercial use on transformations 
of ammonium and urea nitrogen in soil. 
Effect of level of application 
Dubey and Rodriguez (1970) found that inhibition of 
nitrification of ammonium in two Puerto Rican soils increased 
with increasing amounts of maneb and dyrene added. 
Wainwright and Pugh (1973) found that increasing the 
application rates of thiram and captan from 10 pg g~^ soil to 
250 j2g g"^ soil increased the percentage inhibition and time 
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of inhibition of nitrification of ammonium in a cultivated 
English soil. Hale et al. (1957) have reported that monuron 
had no effect on nitrification of ammonium in a loam soil 
when applied at the rate of 40 jig q"^ soil, but Bartha et al. 
(1967) found that monuron completely inhibited nitrification 
of ammonium for 18 days in a sandy loam soil when applied at 
the rate of 300 /ig g~^ soil. It is apparent from reviewing 
the literature related to inhibition of nitrogen transfor­
mations in soil, and the work reported in my dissertation, 
that increasing application levels of pesticides will 
increase their toxic effect on nitrification in soil. In 
actual field applications, pesticides may reach 
concentrations of up to 100 jLig g"^ soil (Kearney et al., 
1965), but the greatly exaggerated rates (300 pg g~^ soil and 
higher) used by some researchers are hardly justified except 
in studies of accidental pesticide spills (Stojanovic et al., 
1972). The work presented in this dissertation showed that 
when the 78 pesticides were applied at 1 ]2g g"^ soil (Part 
III) or 5 Jig g~^ soil (Parts I, II and IV) , 26 pesticides 
retarded nitrification of urea nitrogen in the two coarse-
textured soils and one of them (terrazole) retarded 
nitrification in all four of the soils used. When applied at 
50 j2g g~^ soil, 74 of 78 pesticides retarded nitrification in 
the coarse-textured soils, and only 40 pesticides retarded 
nitrification of urea nitrogen in all four of the soils used 
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in my study when applied at the same rate. These results 
point out that the soil type used as well as amount of 
pesticide added can influence the effects of pesticides on 
inhibition of nitrification of urea nitrogen. 
Effects of Soil Type 
The inhibition of nitrification induced by pesticide 
application is largely affected by soil type used. Gaur and 
Misra (1977) found that simazine retarded nitrification of 
ammonium in a sandy loam soil when applied at 20 jig g~^ soil, 
but Thorneburg and Tweedy (1973) found that simazine had no 
effect on nitrification of ammonium in a silt loam soil when 
applied at the rate of 50 jjg g~^ soil. Picloram (Dubey, 
1970) was reported to markedly retard nitrification of 
ammonium in a silt loam soil when applied at the rate of 100 
jjg g~^ soil, but Goring et al. (1967) found that picloram had 
no effect on nitrification of ammonium in a clay soil when 
applied at the rate of 100 pg g""^ soil. Debona and Audus 
(1970) found propanil completely retarded nitrification of 
ammonium in a loam soil when applied at 50 jig g~^ soil, but 
Turner (1979) found that propanil had little effect on 
nitrification of ammonium in a clay soil when applied at 30 
}ig g~^ soil, and Turner found that carbofuran, propanil and 
bifenox were less effective retarding nitrification of 
ammonium in a clay soil than in a coarser textured silt loam 
soil. 
V 
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Effects of soil properties; Statistical significance 
Many factors affect pesticide fate once it is applied to 
the soil, but Parr (1974) found that despite the volume of 
published literature on interactions of pesticides and soil 
organisms, meaningful statistical correlations of soil 
chemical and physical properties with microbiological 
responses to these chemicals were lacking. The results 
obtained in studies of the effects of 50 jig g~^ soil of the 
78 pesticides tested on nitrification of urea nitrogen in 
four diverse surface soils incubated at 20°C for 7, 14 or 21 
days (Tables 8, 9, 10, 16, 17, 26, 28, 37 and 38) after 
treatment with urea were statistically analyzed by the one 
way analysis of variance (ANOVA) and were statistically 
analyzed for relationships between the effects of pesticides 
on nitrification of urea nitrogen and the soil properties 
listed in Table 1. The one way analysis of variance (ANOVA) 
evaluated the contribution of the pesticides applied, soil 
type, incubation time period and the interactions of these 
three factors on inhibition of nitrification of urea nitrogen 
in the four soils used. This analysis showed that 
differences between soil types were more significant than 
differences between the pesticides applied or the incubation 
time periods. Simple correlation analyses showed that the 
percentage inhibition of nitrification of urea nitrogen in 
the four soils used was correlated with organic C content 
(r = -0.96***), total N content (r = -0.87**), sand, silt and 
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clay content (r = 0.92 , -0.94 , and -0.90 , respectively) 
and cation-exchange capacity (r = -0.93**), but was not 
significantly correlated with soil pH, calcium carbonate 
equivalent or urease activity. The ANOVA and correlation 
analyses suggest that organic matter content and soil texture 
are the most significant soil factors influencing inhibition 
of nitrification of urea nitrogen by the applied pesticides, 
and that soils with low organic matter and(or) high sand 
content may be subj ect to increased urea nitrogen losses due 
to misapplication of pesticides. The effects of soil type 
can be explained by interaction of soil organic matter and 
soil texture on adsorption, deactivation and microbial 
breakdown of pesticides applied to soils. 
Hance (1967) found that six herbicides (atrazine, 
chlorpropham, diuron, linuron, paraquat and picloram) were 
subject to chemical adsorption when applied to a silt loam or 
a bentonite clay. Chemical adsorption of atrazine ranged 
from 43% in the silt loam to 71% in the bentonite clay. The 
adsorption of chlorpropham ranged from 85% in the silt loam 
to 89% in the bentonite clay, and linuron and diuron were 
adsorbed in a similar pattern as chlorpropham in the silt 
loam and clay material. In contrast, picloram was not 
absorbed to any extent in the silt loam or clay material, but 
paraquat was completely adsorbed in both silt loam and 
bentonite clay. Debona and Audus (1970) found that low 
levels of paraquat was highly inhibitory to Nitrosomonas and 
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Nitrobacter sp. in culture, but when paraquat was added to 
soil, 750 pg g~^ soil was needed to achieve 50% inhibition of 
nitrification of ammonium. This low toxicity to 
nitrification of ammonium in soil is the result of the 
extensive adsorption and deactivation of the applied 
paraquat. Adsorption of the applied herbicide does not 
always result in deactivation. Armstrong et al. (1967) found 
that although atrazine was adsorbed by soil colloids, the 
adsorption did not lead to immediate deactivation and they 
found that the organic matter content of the soils used was 
responsible for adsorption and eventual deactivation. The 
organophosphorus insecticides diazinon (Konrad et al., 1967) 
and malathion (Konrad et al., 1969) were reported to be 
adsorbed when applied to soil and decomposed by chemical 
hydrolysis catalyzed by soil organic matter. The researchers 
reported microbial decomposition of diazinon and malathion 
was not significant due to their rapid chemical degradation 
in soil, but adaption by cultured soil populations to these 
insecticides can occur. Not all pesticides are adsorbed by 
soil. Rick et al. (1987) found that the postemergence grass 
herbicides fluazifop ethyl and haloxyfop methyl were moderate 
to highly mobile in the soil environment and adsorption of 
these herbicides was not significantly influenced by organic 
carbon content or clay content. Harris (1967) found that the 
triazine herbicides atrazine and simazine were biological 
stable in soil with only 3 to 4% of the herbicide applied 
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degraded to in soil incubated for 30 days based on 
evolution. Harris concluded that soil organic matter was 
important in triazine deactivation. This has been cited as 
evidence for microbial causes of inactivation, since 
microbial activity generally increases with increasing 
organic matter content. Dubey (1970) found that the effects 
of herbicides on nitrification of ammonium was highest in 
soils with a low nitrifying ability (3.5% organic C) and 
least on soils with high nitrifying capacity (5.1% organic 
C). However in these cases, the organic matter may itself be 
the catalytic agent. In general, the evidence shows that the 
effects of soil type on inhibition of nitrification of 
ammonium or urea nitrogen by the 78 pesticides applied is 
significantly correlated to soil organic matter content and 
texture, and microbial decomposition may not be a factor in 
my work due to the short incubation periods used. 
Few of the 78 pesticides tested markedly retarded the 
transformations of urea nitrogen in the four soils used in 
this dissertation. Nevertheless, the potential of pesticides 
to inhibit nitrification of ammonium or urea nitrogen in soil 
should be recognized when researchers are dealing with the 
effects of pesticides on soils and plants. 
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GENERAL SUMMARY 
The influence of 46 herbicides, 17 fungicides and 15 
insecticides on transformations of urea nitrogen in soil was 
studied by determining the effects of different amounts of 
each pesticide on the amounts of urea hydrolyzed and the 
amounts of nitrite and nitrate produced when samples of two 
coarse-textured and two fine-textured soils were incubated 
aerobically at 20°C for various times after treatment with 
urea. The herbicides studied were chloramben, amitrole, 
pendimethalin, bentazon, paraquat, atrazine, prometryn, 
simazine, propanil, 2,4-D amine, 2,4-D ester, dalapon, 
dinoseb, picloram, trifluralin, diuron, linuron, monuron, 
bifenox, alachlor, glyphosate, chlorpropham, propham, 
bromoxynil, EPTC, vernolate, dicamba, dinitramine, butylate, 
cinmethylin, cyanazine, dimethazone, ethalfluralin, 
metolachlor, oryzalin, propachlor, siduron, acifluorfen, 
diclofop methyl, DPX-6202, fenoxaprop ethyl, fluazifop butyl, 
haloxyfop methyl, mefluidide, sethoxydim and tridiphane. The 
fungicides used were anilazine, benomyl, captan, chloranil, 
chloroneb, chlorothalonil, fenaminosulf, fenarimol, folpet, 
iprodione, mancozeb, maneb, metalaxyl, metham-sodium, PCNB, 
terrazole and thiram. The insecticides tested were phorate, 
terbufos, carbaryl, lindane, malathion, diazinon, 
chlorpyrifos, carbofuran, isofenfos, ethoprop, fenvalerate, 
fenitrothion, fonofos, aldicarb and trimethacarb. 
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When the 46 herbicides tested were applied at the rate 
of 5 pg g~^ soil, none of them retarded hydrolysis of urea in 
the four soils used or retarded nitrification of urea 
nitrogen in the two fine-textured soils, but ten of them 
(amitrole, 2,4-D amine, chlorpropham, dinoseb, propanil, 
propham, acifluorfen, diclopfop methyl, fenoxaprop ethyl and 
tridiphane) retarded nitrification of urea nitrogen in the 
two coarse-textured soils. When the herbicides were applied 
at the rate of 50 jig g"^ soil, six of them (alachlor, 
acifluorfen, diclopfop methyl, dinoseb, DPX-6202 and 
fenoxaprop ethyl) retarded urea hydrolysis in the two 
coarse-textured soils, but only dinoseb retarded urea 
hydrolysis in all four of the soils used. All of the 
herbicides tested except siduron retarded nitrification of 
urea nitrogen in one of the coarse-textured soils when they 
were applied at the rate of 50 jig g"^ soil, but only ten of 
them (2,4-D amine, 2,4-D ester, propanil, chlorpropham, 
alachlor, amitrole, dinoseb, fenoxaprop ethyl, tridiphane and 
propham) markedly retarded nitrification of urea nitrogen in 
all four of the soils used when they were applied at this 
rate. 
When the 17 fungicides studied were applied at the rate 
of 1 pg g~^ soil, seven of them (anilazine, benomyl, chlor-
anil, captan, maneb, mancozeb and thiram) retarded hydrolysis 
of urea in the two coarse-textured soils and one (maneb) 
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retarded urea hydrolysis in all four of the soils used. All 
of the fungicides except benomyl, chloroneb, chlorothalonil, 
fenarimol and iprodione retarded nitrification of urea 
nitrogen in one of the coarse-textured soils when they were 
applied at the rate of 1 jig g~^ soil, and terrazole retarded 
nitrification of urea nitrogen in all four of the soils used 
when applied at this rate. When applied at the rate of 50 jig 
g"^ soil, all of the fungicides tested except chloroneb, 
chlorothalonil, fenarimol, iprodione, metalaxyl, PCNB and 
terrazole retarded hydrolysis of urea in the two 
coarse-textured soils, and all except anilazine, benomyl, 
chloroneb, fenarimol, iprodione and PCNB markedly retarded 
nitrification of urea nitrogen in all four of the soils used. 
When the 15 insecticides tested were applied at the rate 
of 5 pg g~^ soil, none of them affected urea hydrolysis in 
the four soils used or nitrification of urea nitrogen in the 
two fine-textured soils, but five of them (carbaryl, lindane, 
trimethacarb, diazinon and fenitrothion) retarded 
nitrification of urea nitrogen in the two coarse-textured 
soils. When the insecticides were applied at the rate of 50 
pg g"^ soil, none of them retarded urea hydrolysis in the two 
fine-textured soils, but six (ethoprop, fenitrothion, 
fonofos, isofenfos, carbaryl and lindane) retarded hydrolysis 
of urea and all retarded nitrification of urea nitrogen in 
the two coarse-textured soils. 
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The work reported indicates that fungicides have a 
greater potential than herbicides or insecticides for 
retarding hydrolysis of urea and nitrification of urea 
nitrogen in soil. It does not support recent suggestions 
that organophosphorus insecticides have potential value for 
retarding these processes. 
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